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1. eepero4la magnoliviroAAJA, the main plant material used 

in the work reported in this thesis, possesses succulent 

leaves which show a periclinal chimera. The anatomy of 

the leaves, and the occurrence of 'bud-variations' which 

were found in the course of the WM* is to indicate 

that their periclinal struetar0.1, a eieseehiMera. 

2. Greening in the yellow leaves which takes place in winter 

has been ,shown to be due, not to the short-days, but to 

the reduced light intensities during the winter months. 

3. Both green and yellow Peperwla leaves can synthesize 

chlorophylls and carotenoids. Their different appearance 

is due to the dilTerence i4 the relative ratios of these 

pigments they c.:-,main. 

4. A study of chloroplast differentiation in i'eperomia leaf 

tissues has been reported. This showed a peculiar 

chloroplast structure in greened-yellow tissue - the 

chloroplasts here are incompletely differentiated. 

5. The pigments formed in the yellow leaves at low light 

intensities, like those in the normal green leaves, are 

functional (i.e. photosynthetic). 

6. 80M0 evidence has been given to shor that the occurrence 

of non-green (yellow) leaves is not the reault of faster 

chlorophyll degradation of some leaf-tissues. 
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7. Studios on the incorporation of glycine-2-14C into 

chloropiast pigments of Peperomis leaf discs have aeon 

reported. These showed unexpectedly higher levels of 

labelling of a ;kilo terpeniod 'spot' (carotenes) than 

of chlorophylls. A tentative (but plausible) explanation 

has been given for this observation (i.e. the almost 

complete absence of incorporation of 14C from the 

labelled glycine into chlorophylls). 

8. In terms of the incorporation of lb `C from labelled 

glycine into 'chlorophyll precursors', chlorophyll 

synthesis is faster in green than in yellow leaves. 

9. The rate of bleaching in the yellow leaves appears to be 

too high, compared with the rate ut which chlorophyll 

is synthesized in them. It is therefore probable that 

these leaves appear yellow at high light intensities 

because the r: to at which the pig:3ent breaks down is 

too fast to make chlorophyll accumulation possible. 

10. The control mechanism probably affects chloroploet 

differentiation too. where (as in green tissue) 

complete chloroolsst differentiation is possible, 

chlorophyll synthesis is high enou01 to permit 

chlorophyll accualulation. in yellow tissue, the 

control factor (or defect) inhibits complete chloroplast 

differentiation ancl/or reduces the rate of chloroph411 

synthesis, thus making chlorophyll accurlulation at 

high light intensities imoossiblc. 
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The cLleroplauts of hiLher plants contain the photo-

synthetic pioaento chlorophylls nd carotenoids. The caro-

tenolds are yell° orange or red piti4ents which ore divided 

into carotenes, containint only carbon and hydro6en atoms, 

anti xanthonhylla, IThich possess hydrowji or ketonic groups. 

The chlorophylls of higher plants are chlorophylls A 

and b, chlorophyll Aoccurring, as far as is ;mom, in oil 

photo$'flthetic higher plants. It is usually associated 

with smaller quantities of chlorophyll la except in the 

soprophytic orcnid, yihich appa.vently 

hue no chlorophyll b (ace Itirk Jilney-)assett, 1967a). 

The distribution of chlorophylls allionLut Oifferent crou-dis of 

plants is sho,-n below (from Kirk and 'Alney-Bilasett, ic.67s), 
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Ihe basic structuve of the chlorophAl molecule is a 

tetr,)vyrrole nucleus (Der:ihin), with substittwticals in the 

id.c-roon atoms i to This is chelated Tith maEnesiuia as 

opposed to iron in haem, the prosthetic &Taal; of haeoLloLin 

and other haemoproteins like catalaL-ws peroxidf-z.ie tame. 

cytochromeu. Yhe chloropkal molecule also diiilcr.) fraa 

the iron porphyrins in havimi rink; D (in chlorophyll and 

jk), and vines D and B (in beuteriochlorophs11). comlAetely 

reduced. The propionic acid wise-chain at i;-7 is also 

esteritied with a ions, chain alcohol. phytol (furncsol in 

the case of bactoriovirldin), while the propionic acid-chz„in 

at C-6 forma an aediti)nal rinL, (cyclopentonone rim-) 

with the if-methane cfarbon. All chlorophylls in vivo are 

bound.to lipoprotein complexes. 

The early studies in tetrapyrrole biosynthesis were 

confined to the mechanism of protoporpbyrin or saem 

eynthc)11„ in animal erythrocytes, mainly in man, duc'a.,:, 

anc vatJ. (,hemin and ItittenberL. 1945, 1946; Altman 2121., 

194t; 6homin,q_glAs 194E a and b; 1950; 

Shemin and ,itLenbor!_. 1951; Shemin and unin, 1952). 

The worm of manick anti collea,uo_ with mutant strains 

of the unicellular al,s,a Gialgrellp  WPS the first 

indication that the erly steps of ham ald chlorophyll 

synthesis shave a co4. .)n pathway that brvnches at protoL)or-

phyvin (Pik,. 2). «J rX-ray irradiation. matanta sere procluccki. 
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in which chiorophuil synthesis ras bloc4ed at various sta_ a 

in the biosynthetic pathway, but which vel-e still able to 

grow heterotrophieeliy in a medium of Llucose are inorLanic 

salts. The first of these mutants to be described, Chlorella 

5-Brown, accuaulated larLe amountu of protoporphyrin IX 

(Oraniek, 1948a). Re-irradiation of thia strain produced 

another mutant, 5-B17 that accumulated a mixture of porphyrins 

with 2 to u carboxyl groups, dicarboxylic porphyrins being 

predominant ( ogorad and aranic4, 153a). Protoporphyrin, uro-

and coproporphyrinocen III were also identified in these 

mixtures (Granick, liotorad and saffe, 1953). 

Accu.dulation of theae porphyrins by the mutants proviaed 

evidence th.:t chlorophyll was formed by e pathway inVolving 

these compounds. Later cork showed that the tetrapyrrole 

nucleus of these porphyrins was formed by the same pathway 

already outlined in animals. (Della Rosa, Altman and aaloaen, 

1953; Begorod and Granick, 1953b; Oranick, 1950, 15,54; 

Bo€oral, 11;58 a and b). 

In an ti tieuues it has been found that the enzyles 

which catalyse the rivet and last reactions in the porphyrin 

biosynthetic chain up to protoporphyrin, ALA synthetase and 

coproporphyrinogen oxidase respectively (see FiL. 2), are 

mitochondrial °nay:Ilea. The enzymes which catalyse the 2W, 

3rd and 4th reactions occur in the voluble fraction of 

erythrocytes ant. liver. (Oranick, 1963). Al4 must therefore 

be released from mitochondria before becoaing available for 

I)

j 
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tetrapyrrole biosynthesis. In plants, protoporphyrin 

formation can be shown to occur in plastids as well as in 

mitochondria, but it is not known whether only some or all 

the enzymes of the biosynthetic chain to protoporphyrin are 

localized in both of these bodes (Granick, 1963). 

The steps between protoporphyrin and protochlorophyllide 

are largely unknown (see Fig. 3). The available information 

about intermediates here has come mainly.from the isolation 

of presumed chlorophyll precursors accumulated by mutant 

strains of algae and photosynthetic bacteria which are unable 

to form chlorophyll, (Granick, 1948b; Lascellea 1964a). 

There is however considerable information about the way in 

which magnesium protoporphyrin monomethylester is formed. 

The specific incorporation of 1 C-formate by Chlorella into 

the methyl ester group of chlorophyll suggested that formic 

acid was an indirect precursor of the methoxyl group. (Green, 

Altman, Richmond and Salomon, 1957). This step has also been 

studied at an enzymic level (Gibson, Neuberger and Tait, 1963). 

Magnesium vinyl pheoporphyrin a5 (mgvp), also known as 

protochlorophyllide a, is the next intermediate after the 

monomethylester; it has been found to occur in a protein-bound 

form in etiolated leaves, and this combination of pigment 

with protein has been termed "holochromen by Smith (1963). 

This MgVP-holochrome is probably the true intermediate in 

chlorophyll synthesis rather than the free pigment. 



By the use of etiolated seedlings the role of light in 

chlorophyll synthesis in hither plants has been found to be 

the reduction of protochloroL,hyliide (mop) to chiorophyllide 

(smith. 1960, 1963; Granick, 1963). In most higher plants 

and in some algae the reductim ta e place ani,, in light 

(Lescellee. 196 )a , but chlorophyll formt.tion in the absence 

of light has been found to be possible in seedlints of the 

water lotus (Nelumbo), and the cotyledons of citrus embryos 

(rieyer 21.41., 1961a). 

Other studies on etiolated plants (4:olff. and Price, 1956; 

Smith, 1961), suggest that the final step in chlorophyll 

biosynthesis is the conversi-m of chlorophyll:1de to 

chlorophyll i.e. the eaterification of the propionic acid 

siee-chein on 0-7 with phytol. :lore comprehensive reviews of 

tetrapyrrole hiooyntheuis have been provided by amincton, 

1957; Granick Mas%evall, 1961; .smith 4. French, 1963; 

Loscelles, 1965; Bogorad, 1960, 1965e, 1966a; !,ronoff, 1966; 

Marks, 1966. 

'finlike etiolated plants in which chlorophyll is formed 

on exvosare to light, in variegated leaves, under conditions 

which are favourable for chlorophyll synthesis in some plastids, 

other plastids on the same slant are unable to form the pitrient. 

The work reported in this thesis was carried out in an atte:;ijit 

to elucidate the control mechanism preventing greening in the 

yellow parts of the variegated leaf of Penerom1Q megnolieefo4a.

Abnormal plastids are usually inviable i.n homoceneous plants, 



but they can be preserved in variegated plants and thus 

provide useful material for studies in plastid biolOgy. 

Variegation in plants is the result of a variety of 

causes, virus infection, defective tissue such as the 

occurrence of air blisters beneath the epidermis (false 

variegation) or mutation, which can be nuclear or cytoplasmic. 

True variegated plants show varying shades of colour in their 

leaves or other organs, owing to variations in the pigment 

content of their different plastid types (Tilney-Bassett, 1962). 

Plastids can mutate and, like the nuclei, are self-

propagating (Baur, 1909). From reciprocal crosses between 

Pelargoniums with white and green layers, Baur (1909) concluded 

that during successive cell divisions, mutant and normal 

plastids were able to 'sort-out' from a mixed zygote (derived 

from biparental plastid transmittance), into cells containing 

only normal or only mutant plastids. Sorting-out of defective 

and normal plastids into tissue layers, leads to the formation 

of Chimeras (tissues composed of genetically different cells). 

In some plants e.g. pumulus Jasonica, (winge, 1919), 

variegation (chimera formation) is caused by cytoplasmic 

difference from normal. But sometimes variation in plastid 

development (i.e. into defective plastids or plastids with 

chlorophyll), is gene induced as in Lunaria annua (Correns, 

1909). Genes can also cause plastid mutation as in 

EiladaliaM1SAXA (Imai, 1928) rice (Pal and Ramanujam, 1941), 



and maize (Rhoades, 1943). Such mutant plastids are then 

transmitted, usually maternally, but sometimes biperentelly 

(as in ;leoeta caterig Yoods and Dtfauy, 1951, and in 

Pelargonival 2ilney-Basset, 1962), independently of the 

nucleus. Thus a gene which causes mutation of plastids la 

not necessary for the reproduction of the mutant plastid 

type. Occasionally as in Mirabilis ja4pa (Correns, 1909) 

and kistasus..aamvul (Imal, 192e) mutation affects e whole 

growing point and hence the germ layers. 

The first step in the origin of chlorophyll chimeras 

is mutation, and this must affect the plastid phenotype and 

at the same time occur in the germ layers. The Lrowing 

point of the shoot has been shown to be built up of three 

germ layers (LI, LII and LIII) in most dicotyledonous 

plants and two layers in most xonocotyledonous plAnts, and 

these are superimposed one above the other like a series of 

cones from which the body structure of the plant is derived' 

(Tilney—Bassett, 1962). The pattern found in the leaf is 

a development of the pattern already present at the growing 

point. 

Buds formed on true roots arise by growth from the 

central tissue and thus grow into plants exhibiting the 

characters of the core tissue. So that if plants from root-

cuttings differ from those from stem-cuttings of the same 

plant, then the parent plant is a periclinal chimera, having 
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Fig. 4 T.6. of Green Peperomia leaf, 

to show tissue and chloroplast 

distribation. 

Uo - Upper opiLt,rfflis. 

L - Large water-storage cells. 
(contain few scattered chloroplasts) 

- Ohlorenchyma tissue. (chloroplasts 
concentrated here) 

T - Lower mesophyll tissue. 
(some chloroplasts present here) 

St - Stomata. 
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core tissue genotypically different from the outer germ 

layer tissue (Tilneys-Bassett, 1962). i.e. the different 

tissues are arranged in concentric layers. Chimeras where 

the distinct tissues are arranged in cross sections, as in 

the aections of a circle are known as sectorial chimeras i.e. 

they have sectorially divided growing points (Kirk and 

Tilney-Bassett, 1967b). 

According to Darlington and Tilney-Bassett (1964), 

Peneromia magnolilLefolia is a White-over-green periclinal 

chimera; (this appears phenotypically as Yellow-ovep-green). 

This type of chimera structure is consistent with the following 

observations made while doing the work reported in this thesis. 

Anatomical examination of Peperomia leaves shows no 

palisade cells, but the mesophyll tissue is differentiated 

into three distinct regions. There is an upper mesophyll 

tissue made up of large water-storage cells, and a lower 

mesophyll tissue of comparatively smaller cells. Separating 

these two tissues is a region of very small cells which is 

green in green leavest but colourless in yellow leaves. The 

upper and lower mesophyll tissues contain a few scattered 

chloroplasts, many more occurring in the latter in green and 

greening-yellow leaves. Though stomaLa are only present on 

the lower surfF.ce, the chloroplasts are not only confined to 

guard cells here; all epidermal cells, even in yellow leaves, 

contain isolated chloroplasts. (Leaf structure in shown in 

Fig. 2k). 



During the period of this investigation, green leaves 

have occasionally been found to develop from variegated shoots 

while reversal fro-.1 ;/0 to Atw has also been found (see 

Fig. 5a, b). From these observations and from the leaf 

structure described above, it appears that apiEN,L.a 

juesbiatikasail might be a mesochimera (0 - o), i.e. a 

periclinal chimera in which the middle layer is different 

(Winkler, 1935). That is, there is "a potentially green 

epidermis, a colourless sub-epidermis, and a green core" 

(Renner, 1936), 

The above bud-variations (i.e. reversal and the formutic,n 

of a green leaf from a variegated shoot), can be accounted 

for by displacement of LIII (Gnu to GGW) and UI (0140. to GOG) 

by duplication of LI (Tilney-Bassett, 1962). Yellow leaves 

have also been found to develop occasionally from variegated 

shoots (Fig. 5c); it thus looks as if perforation of LI -

which is very rare - but which has been reported in 

INOUrazonium Nnale "Flower of Spring" (TilneyuBassett, 1962), 

OM occur in Peperomia (i.e. 0:;0 to Gs ahich can then give 

riae to by displacement of LIII). 

The structure of plastid types in variegated leaves of 

Peperomla (Section III), shows that there is incomplee develop-

usnt and differentiation of plastids in the yellow tissue, 

Since a favourable interaction of all cell components is 

necessary for normal plastid develop,ent, the occurrence of 



Fig. 5 Bud variations. 

(a) - Green shoot (G) from a variegated 

Peperomia shoot (V). 

- o WW) in 

Pelargonium. (This occurs in 

Peperomia too). 

(c) - Yellow leaf from a variegated. 

Peneromia plant. 
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defective plastids in some cells is indicative of abnormal 

conditions; this could be due to a genetic or cytoplasmic 

lesion. To determine the site of the defect requires "bio-

chemical.studies to identify the lesion ...; and finally 

to determine by genetic experiments whether the inheritance 

of the defect is Mendelian or non-14endelian, i.e. whether 

the gene is located in the nucleus or in the cytoplaue. 

(Kirk and 'illney-Bassett, 1967c). 

Unfortunatel:i Feperomia maenoliaefolia does not set freed, 

and is. normally propagated by cuttings. Genetic studies can 

therefore not be made on this plant, and so some other 

method of approach is necessary. Localisation of the 

factor(s) preventing normal plastid development in yellow 

tissue and/or how it operates, can erovide useful information 

whlch will make it possible to speculate on the in vivo 

control mechanism involved. 

Peperomia is a tropical plant which, in temeerate 

countries, can be successfully cultivated by cuttings in 

warm greenhouses, and has been found to green in winter 

(i.e. in winter, variegation is leas pronounced because the 

yellow tissue also greens). The first part of this investiga-

tion is concerned with the elucidation of this 'winter effect'. 

The aim of the work reported in this thesis is to 

examine morphological, physiological and biocheadcal 



11 

differences and stailaritles of chloroplaste and other cell 

organelles from green and yellow leaven of Peperomia, which 

might help to speculate on the la.uma control of chlorophyll 

synthesis in these tissues. Uhlorophyll synthesis (eapecially 

at high light intensities), is usually accompanied by 

chlorophyll degradation. It is the net result of these two 

processes (i.e. chlorophyll synthesis and chlorophyll 

degradation), which determines the rate of pigment accumula-

tion. 

Willetatter and. Stoll (1910), showed that chlorophylls 

could be hydrolysed in aqueous acetone solution by the dried 

powder of leaves, free from pigments. This reaction was 

enzymic and the ene:eme responsible for it was named cheoro-

phyllase. It catalyses the hydrolysis of chlorophylls, 

pheophytins, purpurins, bucteriochloropbyll and chlorobium 

chlorophyll (bacterioviridin). Protochlorophyll and other 

porphyrins lacleing the cerbomethozy group on C-1O and the 

hydrogens on 0-7 and C-8 are not hydrolysed by the enzyaie. 

(4mith and French, 1963). The enzyme has now been shown 

to be located in the chloropiast (4roesings 1940; Ardao 

and. Venneeland, 1960). 

The first atop in the enzymatic breakdown of chlorophyll 

44062119 is also thought to be the removal or the phytol 

side-chain to yield water-soluble ehlorophyilide which can 

then undergo further deeradation (Noack, 1943; Ards° and 
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Vennesland, 1960; Holden, 1961). Noack (1943), considered 

that chlorophyllase had an essential role in the 'photo-

decomposition' of chlorophyll. Koski and. with (1951), 

working with a mutant white seedling of Zee mama also 

concluded that albinism arose from the rate of destruction 

of chlorophyll exceeding its rate of synthesis. 

If under conditions where piglaent accumulatiun is 

possible in ro'ta'te leaf tiLlsues of Pepuromia making the:i 

appear green, other tissues appear yellow, then from the 

above discussion, the latter tissues either do not form 

pigments at all, or the pigments they synthesize are breating 

down faster then they are formed. The latter part of the 

thesis is concerned with determining the relative rates of 

chlorophyll degradation and chlorophyll biosynthesis in 

green and yellow Peperomia tissues, in an attempt to elucidate 

the mechanlsm controlling greening in Peperomia leaves. 
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The following abbreviations have been 

used in a ables and. elsewhere 

App. Photo. Apparent Photosynthesis 

Ohl. cont. Chlorophyll content 

.tOcp. luxperiiiient 

Pr. wt. Frezib-vleie,ht 

Gr. Oreen 

Lys. Leaves 

L.,• P• Low power 

Pet. ether Petroleum ether 

Pita. Plants 

Se4 Standard deviation 

Op. gr. 6pecific gravity 

T. s. Trunsvere section 

Yell. Yellov 

Apart from the above abbreviations and othTlia which have 

ben explained later (where they are used;, chemical symbols 

ane formulae. and other conventional abbreviations have been 

used. 



andmeast... 

C-i....C-10 0 -carbon I to IC of the chlorophyll molecule. 

Day-neutral 
(regime) 

12 hours liEht, 12 hours dark. 

High light 
intensity 

When used in conmetion with veperomia 

experiments it means 200-t0U ft-c. (All 

light intensity meusurements were Made vita 

,'se lton 4aster ii light-meter). 

Lone-day 
(regime) 

16 hours light, b hours dark. 

Low light 
intansity 

Light intensity from 20-5C ft-e. 

Roof light 
cabinet 

Light ef;binet (on roof of "stagy Cchool), 

with intensity 2C0-80C ft-c, long-clay 

regime or 16 hours light, shd temperature 

af 25°C. 

Chort-day 
(regime) 

Terminal 
leaves 

8 hours light,16 hours dark. 

True terminal leaves, or where these are 

not fully developed, the second leaves on 

a plant. 

Total ra,..,aia- Total light enerLy 
tion (light intensity x duration of expoi:wre). 
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3. MATURIALS 

(a) Ilipnt liaterials 

Plant materials Used is this work were ail obtained 

from the Oxford Botanical Garden. L,ome of them, 

h and dto-'it janonicu, were used 

'directly after collection, for the preparation of "standard 

chlorophyll aolutiona" for Ahlorophyllase activity deter mina. 

tiona. Other plant -materials were cultivated and maintained 

in the 'roof greenhouse' of the Botany School, or in the 

roof (iog.day) light cabinet. This group was made up of 

the folio7ing variegated plants: e02.„... rithulLtaht12Utit 

itbuttion stElatun4 Ruonymus „japonleys, 

  1.edera Q.1.$21:9jlau.7, 0aPIN110.8 and 

aliiir;zoniu-a :40=12. 

7he main plant material used for this work, is ;teperomit

jaLmllatg2AALt. It is 9 succulent, perennial herb, a aesber 

of the Piperaceae. They are easy to cultivate (by cuttings), 

and their thick leaves make the cutting of leaf dieco easy. 

All plant materials have hereafter been referrel to 

only by their generic names. 

(b) 

Except those shown below, all reagents were obtained 

from B.D.U., and the Analar grade was used where available. 

Glycine-2-14c The Radiochemical Centre, Amersham, 

Bucks, England. 
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SAAminolavvulinic 

Gibberellic acid 

2,4,-D and lAA 

terosene • (Alladin 
pink) 

4inetin (6. 
furturylamina 
purine) 

4U1413 Chemical Company Ltd., London 

fl land. 

I4 Light and Co. Ltd., Colnbrook, -Ameland. 

Mann Research Laboratories, New York. 

National Petrol station, Oxford. 

California Foundation for Biochemical 
Research, Los Angeles 63. 

Yeast extract Difeo Laboratories, Detroit 1, Jlchiz1114 
U. a. A. 

Cellulose Powder . W & R 3alston, Ltd., England. 
(standard grade) 

Agar (Davis' type 

Coconut milk 

Davis Gelatine kftel., Warwick, England. 

Liquid endosperm from fresh coconuts 
bought locally in Oxford. .z1-1e 
was drained through muslin to remove 
debris, and stored in polythene containers 
at - a until required. 
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4• WORRAL METROW 

(Ft) ralliltSATALIAIZI 

plants used in these inve;stigatione werr cultivated in 

the greenhouse on the roof of the Botany School. From this 

source, seem-cuttings were periodically made and kept in a 

glass-box in the greenhouse for 3 weeks to root. The cuttings 

were then transferred into, and maintained in a light cabinet 

which .eras lighted by standard 5 ft. fluorescent strips, 

fitted eith day-light reflector tubed. 

Conditions in this light cabinet which we °e found to 

favour rapid growth and maintain variegation in the cuttings 

were as follows* 

(1) a long-day regine of 96 hours light, 

(11) a temperature of 25°c ana 

(111) light-intensity between 200 and 800 ft.c. 

The plants used in ell experiments were .cultivated in 

the above conditions for at least 3 months in pots containinE 

e ,0-5C mixture of pest and John Innes potting compost No. 1. 

In Peperomia, by the end of this period, the cuttings had 

develoed one or two suitable sized leaves, (i.e. leaves 

with larLe enough yellow portions from which leaf discs - 

diameter 7 mm. - could be obtained), above the on

levee of the stece-cuttings. 

(b) 2eleet'..on of materiak 

Vor experiments involving whole plants, a suitable 
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number of potted elants ees eelectod and diviCeC into the 

reeeiree nuMber of eroeps in such a flay, that each group 

conteined as far ss eousible, equal numbers end sizes-of 

leaves. For experiments with whole-leaves, a suitable 

number of leaves were cut off et the bases of the petioles 

and sorted out into groups with equal numbers of leaves, 

with reapect to eiee and position on the plant. 

Leaf disc experiments were done with discs cut from 

green or yellow-leaves, randomly sameled, and a known 

fresheeheieht or number of disci, used. 

(c) Tiaeue.equlture 

An attempt was mude to eet unitorm left material Zrom 

Peperoala by trying to induce cellus foeeietion in ereen 

and yelioe leaveu. 

In these tiseue•cuiture experiments, uterilizee 

leaf-bite from very young green and yelloe leaves were set 

up in semi-solid cultures in Petri dishee an maintained 

in the growth cabinet described above. The cultures 

conteined graded concentrations of kinetin and IAA, in 

flit.e's medium (Belt 4- vitamin - Alite ts, 1943), kith 0.6;*: 

10. or 15.. coconet milk, end various concentrations 

of sucrose (1.0f'4 1.5(' and 2 :). Ombinetions of various 

concentrutions of Kinetin with, 2,4-D and LhAs were also 

tried, (see Fie. 6a, b). Lone of the trialu produced any 

callus tissue, and so these tissue-culture experiments 

ecre aban6oned. 



Fig. La 

Lay-out, showing concentrations of growth substances 

in Petri dishes (numbered 1 to 16) 

used in tissue culture experiments. 

Kinetin 

0.0mM. 0.01mM. 0.1mM. 1.0raM. 

0.0mM. 1 2 

IAA 
or 
NAA 
or 
2,4-D 

0.01m A. 

0.1mm. 

6 1 8 

10 11 12 

16 



Fig. 6b 

14DIUM (Whites, 1943) 

(Stock solutions for tissue-culture me(Aum) 

I. Mineral Solution 
(Stored in the dark) 

gm./1 

4 Oa(NO3)2

II. Vitamin 6olution 
( tored in the cold) 

mg./100 al. 

Glycine ,-)00 

NaS0 
2 4 

2 Idcol,inic acid 50 

'(Cl 0.8 Thiamine 10 

NaH2PO4.2H20 0.215 Pyridoxine 10 

MnSO.4li20 
0.066 

Zpj.30 .7H-0 0.027 

11,B0, 0.015 

KI 0.0075 

itga04.71-120 36 

Yor Culture Medium 

Add 100 ml. of I, 10 ml. of II, 2.5 ml. Fe2(604 )3, 

acid make up to a litre. 
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An attempt was also made to establish leaf discs in 

aterile cultures but this too had to he abandoned. This 

was because it was not possible to get enough discs 

remaining sterile over the long periods of at least 4 weeks, 

required for greening in Peperomia. A 1:10 solution of 

sodium hypochlorite in water was found to be better than 

absolute alcohol in sterilizing the leaf bits. But in spite 

of all the precautions taken to ensure that the cultures 

remained sterile, the longest period all the discs in a 

petri dish remained sterile was about 2 weeks. The experi-

ments in these studies therefore had to be done using whole 

leaves. It was only in short-period experiments (not more 

than 24 hours) that leaf discs were used. 

(d) Sterilization procedure 

This was the procedure used for preparing cultures of 

leaf materials for tissue culture experiments, and for 

experiments involving the maintenance of leaf discs and 

whole leaves under sterile conditions. 
or•ito-

The culture media, distilled4and all necessary 

glassware were autoclaved at 20 lbs/sq.in. for 15 minutes. 

All these materials were then transferred into a small room 

which had been sterilized by spraying with absolute alcohol 

and heated by two bunsen burners for at least one hour. The 

washed leaf materials contained in a covered crystallization 

dish' were also taken to the sterile room. Enough 10% sodium 
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Alpochlorite solution was poured into the dish to cover 

Mp all the leaves. 

After 5 . 10 minutes, the hypochlorite solution was 

poured out from the dish and replaced by cooled, sterilized 

distilled water. The leaven were washed in the distilled 

water by gently shaking the covered dish. They were then 

transferred into, and shaken in another dish of sterilized 

distilled water. The leaves were finally transferred into 

a third covered di h. The large forceps used for these 

tranafera, as well as the knives, cork borers, glass rods, 

needles and smell forceps used for cutting out leaf-bits 

and leaf discs and for transferring theae leaf materials 

into the culture media were all sterilized. This was done 

by dipping them into 705 alcohol, flaming them and allowing 

them to cool. (Before commencing the sterilization procedure, 

I washed my has  with 70F!!, alcohol). 

The cutting or leaf material was done on a glass slab 
between two bunsen burners. This slab had previously been 

r4bbed with alcohol and flamed, and at short intervals 

during the cutting-out process, it was rubbed with cotton 

wool soaked in alcohol. All leaf-bits or leaf discs were 

transferred into dry, sterile petri dishes as soon as they 

were cut. After cutting out all the required leaf materials, 

they were transferred from the petri dishes into the culture 

media. These were either liquid media contained in *mall 
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glass tubes or semi-solid media contained in covered petri 

dishes. Liquid media containing whole leaves were put into 

covered, sterilized glass dare, while the petri dishes 

containing leaf-discs culuured in semi-solid media were 

taped (with 'scotch tape') to exclude outside air. 

Modifica.ions of the above procedure were tried, but 

these did not produce bets results than could be obtained 

previously. For instance, intead of sterilizing the room 

by spraying and heating, ultra—violet radiation was tried 

(separately and in addition to the spraying and heating). 

Leaf materials were sterilized in hypochlorite after, 

instead of before cutting (leaf—bits for 1 minute, and 

leaf discs for 2 minutes). Even doing all the cutting-out 

and culturing behind an 'inoculation hood' did not make 

the cultures stay sterile for longer periods than before. 

(e) reF ment extritaion and Aeterminiztion 

A known fresh-weight of leaf material or number of leaf 

discs with diameter 7 mm. was finely ground in a mortar 

with washed sand and about 0.5 g. calcium carbonate in 

85>;, acetone. The brei was filtered in a Buchner funnel 

and washed with more acetone to extract as much of the 

pigments as possible. (A total of 30 ml. of acetone was 

used for the grinding and extraction of each sample). The 

filtrate was concentrated by transferring into 4, 5 of 10 ml. 
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petroleum ether (60°  to 80° C), the volume of petroleum 

ether used depending on the leaf-material and on the nature 

of the experiment. 

The transfer of the pigments from acetone into 

petroleum ether was carried out as follows: (Zecheile and 

Comsr, 1940 - 41; McKinney, 1940). The acetone extract 

wee carefully added to the petroleum ether contained in 

a iCe ml. glass separating funnel, and distilled w9ter 

wee slowly &tied down the inside of the separating funnel 

until 2 distinct layers were formed. The lower aqueous 

acetone layer rues drained off and discarded. Traces of 

acetone in the petroleum ether solution wore then removed 

by &Hoeing the solution to flow by gravity through the 

long narrow stem of the separating funnel, so that it 

emerged belo_ the surface of the water and rose to the top. 

The water was drained off and the 'scrubbing' procees 

repeated three times. (A small aLiount of calcium carbonate 

was added to all distilled water used for washing eurposes). 

The petroleum ether solution was dried overnight over 

anhydrous sodium sulphate before chromatographic separation 

or spectrophotometric measurements were made. (The Spectro-

photometer ueed was the Beckman Photoelectric $pectro-

photometer Ta)eel DB). 

For chromatoeraphic analysis, the eigments from ;40 

green, or 8C yellow leaf discs (or the equivalent of 1 or 

2 g. fresh-weight respectively), were transferred into 4 ml. 
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petroleum ether. For the detemination of total pigment 

content, the volume of petroleums, ether used was 5 ml/500 mg. 

fresh-weight leaf is  for yello leaves, and 10 m1/500. 

freeh-rei6ht for kreen leaves. 

(19 :It..9111211raara 

(1) Column chromatogravhy 

i ml. of piument extract (prepared as described above) 

was adsorbed on a cellulose poecler column and developed 

with a solvent mixture made up of petroleum ether (100O - 

120
o
C), petroletea ether. ( 1.CO - 60°0) and acetone (20 : 5 : 4). 

The eizments Aviv eluted from the column in the following, 

order, carotenes, xanthopleille, chlorophyll 11, chlorophyll 

and were collected au separate fractions. The various 

pigment fractions were made up to known volumes and their 

optical denuitlee deterwined on the recitmen ,3pectroehotometer. 

The :absorption spectrum of each fraction wee rocorde4, and 

pigment concentration was me enured at an appropriate 

wevei.length. 

(ii) Paper chromatography 

Various solvent systems for separatinL photosynthetic 

pigments by paper chromatography were tried (Bauer, 1952; 

Lind 2.14,, 1953; Aronoff, 1953). and the following 

methed Nas found to be beet. 

.hetmen :o. 9 chromatogrkphy paper, cut into eheets 
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Fig, 7 Chromatogranhy of ohloronlast pigments 

from Peperomia leaves. 

Ur - Origin; -.6 - 0.41orophyll b; 

A - Ohlorop1411 a; X Xantilop411s; 

0 - Carotenes; $f - Solvent front; 

Un - See page 49. 
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17 x 29 cm. was used. The piLment extract in petroleum 

ether Vifikki SPOtt aloni: a basal line drawn 3 cm. from one 

end of the paper. Tile paper was foraged into a cylinder 

and stitched aioni, the overlap. It was then put into 

the developing tank previously saturated with petroleum 

ether (60°  - 60°0), and equilibrated for about trienty 

minutes before being developed (ascending, one—directional), 

for about 2 hours. The developing medium (a modification 

of the one used for column chromatography), vvss made up 

of petroleum ether -(100°  - 120°C), petroleum ether 

(40° - 60
o
0) and acetone (20 : 5 : 3). The transference 

of pigments to the paper, as btu the development of 

the chromatourama, was done in a 'dimly lighter: room' at 

a temperature of about 2000. 

The distribution of pigments, starting from the solvent—

front was as follows: a bright yellow spot of carotenes, a 

greyish sot designated Un, a yellow xanthopbyll spot, a 

bluish-green spot of chlorophyll 1, and a di.3.zit-c,rcen spot 

of chlorophyll k (Fig, 7). iiach of thee spots as eluti:::0 

in 801.- acetone €n its optical density cae iurei.i in a fir:al 

volume of 5 0-1. acetone, at €a wavy:-lork,th previously 

determined from its absorption w)ectrum. 

'.'hen the pigment content of Peperomia, to.nd of two other 

variegated plants, Chlororpbytu and lielargorlium rats detl,.rmined 

by column chromatograpITy (Liethod described on pace 24), 
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. 3 Absorption spectra of Peperomia leaf 

cnloroplast pigments in acetone. 
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the concentration of chlorophylls in the yellow leaves was 

so small, that it was not possible to elute them from the 

column quantitatively. Absorption spectra of the four 

fractions obtained from the column also showed them to 

be contaminated by other pigments, e.g. there were truces 

of chlorophyll in the curotenoids and vice versa. Paper 

chromatography was found to be quicer and more 

and was therefore used in studies of chanies in 

concentration durin€y ,reeninfi in Peperomia leaf 

The absorption spectra of the pigment fractions 

by this method are shown in Fig. 8, 

show no contamination by other pigments. 

eccur;-4te, 

piejment 

tissues. 

obtained 

These 
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1. 

As mentioned in the deneral Introduction, the le!,ves 

of Peperoiaia have been found to remain variegated during 

the summer and autumn months, but in winter and early spring, 

the yellow parts show marked greening. The major changea 

in enviromiental conditions in the greenhouse during this 

Lraening period are: 

(i) decreased dear-length 

(ii) decreased light intenaity and 

(iii) decreased total radiati.m. 

perimentz ‘-ere therefore carried out in an attemdt 

to find out if any of these environmental conditions could 

be correlated with the observed greening in winter. 

2. UNTIION 

(a) DaST-leagVhfliffects.

Three light cabinets, maintained at 25°C, were eat up, 

one on a short-day (6 hours light), a aecond on a lone-day 

(16 hours light), and the third on a day-neutral regime 

(12 hours litht). 

Six pots of 3-year old Peperomia plants from the 

greenhouse, eight pots of rooting stem-cuttings (without 

new shoots), and six pots of newly-shooting cuttings were 

put into each of these three light cabinets. The plants 

in all the cabinets were watere4: regularly and closely 
observed for a period of about six months. 



(b) 

Ueveral pots of variecated Peperomia plants vere put 

into tyko light cabinets, one a photo-period of eight 

hours, and the other Ath a.photo-period of sixteen ours 

a day. The plants in each cabinet .;ere at tvo different 

light intensities - 20 ft-e. end 25 ft-c. Chlorophyll 

content ,J3as determined at 10 day intervals fore period 

of 40 days, using sat vles of 1 g. yellow leaf-material 

extroetec: in 30 mi. 455 acetone and transferred into 10 cl. 

petroleum ether. Two determinations of optical density 

at 663 mp, were made fro each extract. 

(c) Fresh apL drw•vela.t determinationt. 

Green and variegated plants were maintained at 25 

and 300 ft-c. in the roof ii4;ht cabinet. 20 day 

intervals, L0 ie4 disci ‘ere cut from the yellow parts 

of the voriet„eted -leaves, and b0 flow the green Iecives, 

at each of the tvo liEht latensitieu (the leaves were 

washed and blotted fliry before the discs ore cut). bach 

group of 60 discs vas thoroughly mixed and divided into 

two replicate sai les of 40 discs each. lach sample was 

weighed in a welching bottle (of :Known weight), and was 

then oven-dried to constant weight et about 1000C. The 

dried discs were also weighed. . From the above results, 

the fresh and Ory-eights of 20 green, and of 20 yellow 



leaf discs, at 25 and 300 ft-c. were c lculeed. 

(d) Chemical treetment. 

The effects of chemical factors in inducing greening 

was studied in entire reeperamia leaves growing in 

sterilised solutions. These solutions were changed (under 

sterile conditions), ate soon as signs of infection were 

detected in them - the solutions, as well as the email 

glass-tube containers ware replaced with sterile ones. 

inilar studiea were made on leer discs growing in semi-solid 

cultures. The cultures were made up of alitets mineral 

and vitamin medium (Alite, 1943), agar and different 

concentrations of sucrose. L3ucroce concentrations from 

1 to E3 were usod in experiments to find out the effect 

of sucrose on greening. In experiments to study the effects 

of other compound° the semi-solid culture contained 2-/-

sucrose. 

The following amino acids and growth substance were used: 

£eucine and aspartic acid (in concentrations from 5 to 100 ppm.), 

gibbereliic acid (from 5 to 50 ppm.) kinetin (from 2 to 10 ppm.), 

NAA and 2,44-1) (from 0.2 to 2 ppm.). Solutions of yeast 

extract and casein hydrolysete (in concentrations, varying 

from 100 to 2,00 ppm.), as well as urea (from 1 to 20 ppm.), 

and ammonium nitrate (0.1 M and 0.2 1d} ere also tried. 



3. Ma= 

aulang the 6-month period during ehich the Peperomia 

plants were kept under three different deyelength regimes, 

the foliating general obeervations were made: Greening 

occurred in all three light cabinets in about five weeks, 

and usually started in the terminal leaves; (no Sian of 

greening was found in the lower lesves until after about 

four weeks, in the short, and day neutral cabinets). 

Terminal 'fumes formed after greening, started off 

Variegated and greened later. Thus greened variegated 

plants always had one or two 'nor-greened' terminal 

leaves (see Fig. ea, b, e). 4xciaing the terminal leaves 

did not alter the above pattern of greening - greening 

still started in the youngest leaves left on the plant. 

Greening in the long-d.,4 cabinets was only found in 

the leaves which were shaded by other plants. Here, 

the observed regular pattern of greening, starting from 

the terminal leaves and later spreading to the lower ones, 

was not evident. Heasurement of light intensity showed that 

greening only occurred at intensities lover than 200 ft-c. 

Thus while all the plants in the short, and day-neutral 

cabinets greened (light intensity here was between 100 and 

150 ft-c.) the plants in the long-day cabinets where light 

intensity was above 200 ft-c., remained variegated, except 

(as mentioned above), those shaded by other plants. 



Fig. 9 

(a) - Variegated Peperomia plant. 

(b) ;Normal Green Peoeromia plant. 

(note 'yellow' terminal leaf - 

see text). 

(c) Groenin  variegated Peperomia 

plant kii). 

Greened variegated Peperomia 

plant CO. (New terminal leaf 

here starts off variegated and 

greens later - see text). 
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Other variegated plants were tried for the above light 

intensity effects found in Peperomia, but none of them 

responded in the same way:Abutilon and Pelargonium appeared 

to revile high light intensity for good growth, and they 

died at the low light intensity level which induced greening 

in: reperoula. The other plants (Chlorophytum, Pedilanthus, 

Euonymus, and Hederm), also appeared to do better at high 

light intensity, and though they did not die. at the low 

intensities, very little greening was found in Moro. 

phytum and Hedera, and no evidence of greening at all, in 

Pedilanthus and Euonymus at 25 ft-c. 

Another experiment in which some Peperomia plants 

were kept. in polythene bags and maintained at high humidity 

showed that high humidity had no observable effeet.in 

inducing greening. Vegetative growth was found to.be 

slower under this condition of high humidity; i.e• though 

the plants maintained at high humidity produced a lot of 

adventitious roots and were more succulent, control plants' 

in drier conditions (not in bags) grew faster, and became 

larger. 

Changes in chlorophyll content of yellow Peperomia 

leaves under long, and short-day conditions are shown in 

Fig. 10. The plants in each light-regime were at 25 and 

200 ft-c. These results suggest that it is low light 

intensity rather than short day-length, which is responsiblo 
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for greening in yellow Peperomia leave*. Thus at 200 ft-c.. 

under both ono, and short-day conditions, though there was 

an initial increase in chlorophyll content up to about 2u 

dia*, there was a subsequent decrease in chlorophyll content 

(on fresh weight basis). '.ft 25 ft-c. on the other hand 

the increase appemed to continue beyond twenty days. 

To check up on the apparent discrepancy in changes 

in chlorophyll content at 25 ft-c. (Z'ig, 10), the exoeriment 

was repeated under short-day conditions uith smaller 

fresh-weight leaf sump:Les. but lore determinations. 

and dry-weight determinations under short and long-day 

conditions ere also made. The pigments in O. g. leaf-

saaples %sere extracted in • ac tone and transferred 

into b -41. petroleum ether by the method already described 

on puge 22 and each determination was done in triplicate. 

This and all subsequent determlnatirals of chloroohyll 

content VOre confined to the 'terminal leaves'. 

The results ig. if), sho,!,cd that chlorophyll content

in yellow Peperomia leaf tissue continued to rise beyond 

20 days in short. .day conditions. au it did in the lone-day 

regime. ut et 200 ft-c., as 3n Fig, 10, Jiere wa o fall 

in chlorophyl/ content (per unit leaf area or unit fresh-weieht), 

after a short initial :eriod of about a fortnight, when there 

was routbilly the s:Ime rate of incre-:se as at 25 ft-c. In green 

leaves orophyll accumulation occurred both at hich and 

low light intone tie. 12). 
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Ixperilaents usinL, various Lrowth-stibstancou ::end 

coladounds which IL.-ve been re,,o1 3d to induce chlorolAill 

Byn esis or chloroz,luA differentiation did not produce 

Lreeninc in yellow .i.Jeperomin leLves. Leucine and 

uopaltic acid, a yell as Eibbe2ellic which ht- ,e 

been rel,,orted to ineuce normal chloroplast differentiation 

L,ome b_Irle;v. mutants, and regreening in 7ttlentia orance 

respectively (von , ettstein, 1961; Cog; im and Le' s, 1962), 

did riot a2:)ear to induce any green'Inc. Xinetin, and 

were also tried but no evidence of greening was founC. 

To find out if vtlriegeti:Dn w-s the result of nutritional 

deficiency, whole-leaf cultures of L-e„;eromia .sere act u;, in 

soiutins of t extract, c.f-,,aein hydrolyaate, 

ammonium nitrate. Lere too, no greenint, occurred. 

7.1.1ough funLal and bactcrivl inft;ctical made the 

of the above experi.ents r:,ther difficult to interpret, 

no definite Lreenina induced by chemic',I tretLent 

found after maintaining the cJituc--6 _Apr rioca of f 

6 to 14 wee s. 4-'refuse rooting oceoz,:,.ed in the whole—le.,f 

cultures, adventitious roots were produced by the 

leaf die :s, the latter o,alj occurring in discs which vere 

placed upaide—down in the semi oolif: cultu.ee 



The above results shot that while greeni in ow 

Peperomia leaves occurs at fe5 ft-e. in bath lonb-ond short-day 

conditions, no greenint„ occurs at t c., whet her the 

plants arse 4LwA in lonL or shor s. It is thus evident, 

that it is interu,it;y, rather than Cay-length 

trols gr:..,eniaL irryellow ,!erieromis leavos, 

The results of fresh and dry-eight Oeterminoti3ne 

(Fig. 13) show that the above cc nclusi,-.3n is still vulid. 

The °e is very little change in fresh ary7 'eicht of 

yellow Peperomis lef-ves et high and loA liiht intensities 

over the Der' od of the experiiient. So that as can be seen 

fro3:1 :AL. 11 (where chlorophyll content has been expressed 

ocr unit surface yrea as well of on fresh-weight basis ), 

the fall in chlorophyll content at high light intensity 

cannot be attributed to 'dilution' causoo more rapid 

growth. ven in ireen k,here is a siolificant 

incve:1;ae in fresh-vgeitht zti. n light intenzity, (Fit_ 13), 

cl.lozophyll content /or fresh-weight continues to rise. 

Though the determinwiti'm of chlorophyll content was 

net repelAed under long day conditions, the ini,Aal increse 

and subsequent fall in chlorophyll entent in yellow .Pelieromia 

leA2 tissue re3orted above, had been found to Occur in ll 

new stem-cut.int,s the 'controlled conaitions' in 'die 

roof lleht cabinet whel-e they 7.ere cultiv-itea (i.e. In 

long-days, and at high intensity). It might be a 
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'developmental phase' in the growth of yellow Peperomia leaves. 

The leaves of green Peperomia plants also show a peculiar 

developmental pattern. They start off yellow, but soon green, 

whether they are kept at high or low light intensity; i.e. 

unlike yellow Peperomia leaves, chlorophyll accumulation Mears 

in green leaves, not only at low, but also at high light 

intensities. 

The pattern of greening found in Peperomia leaves, 

(i.e. starting from the terminal leaves) appeared to suggest 

that greening here was under hormonal control. But since 

greening still occurred even when the terminal leaves were 

out off, it can be concluded that greening is not the 

result of the synthesis in the young leaves, of a diffusible 

compound required for chlorophyll synthesis. (It has also 

not yet been possible to induce greening by chemical 

treatment). That greening in Peperomia is not controlled 

by a hormone formed in the young leaves is again supported 

by the observation that in the long-day cabinet, all 

shaded leaves on any shoot greened, whether or not the 

terainal leaves of the shoot had already greened. 

Because it was not possible to induce greening by 

chemical treatment, it was not easy to offer any explana-

tion for the low light intensity effect in inducing 

greening in Peperomia leaves. if such induction of green-

iu$ had become possible (or if greening by some chemical 



treetnent oan later be achiever'.), then by studying the 

effeet of light inteneity on the relevant chemical factor, 

an attempt at explaining this light effect might have been 

poesible (or might become pousible). Studies of temperature 

affect, or of the effect of total rodiation (both of which 

are yet to be done;, might also help to elucidate the 

mechanism of greening in Pe peromia leaves. 4ithout 

auccosaful results from the above studies, a speculative 

explanation is all that can be provided at this stage. 

Since greening is the result of a higher rate of 

chlorophyll synthesis than the rate et which the pigment 

breaks downs low light intensity can cause greening by 

slowing down chlorophyll degradation,or ay Initiating 

chlorophyll synthesis or increasing the synthetic rate. 

'3ut as h€as already been reported, some initial greening 

occurs in yellow PeperoNia lehves, even at high light 

intensitlea. Thus greening at low light intensity might 

be the result of decveased chlorophyll degradation an4/or 

inc eased formation of the pig,.ent. Zitudies of these two 

erfects have been reported in later „ectl,ans. 
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1. INTROIXICTIM 

Though greening is the result of increase in chloroptyll 

content, the process is also characterized by an increase 

in other photosynthetic pigaents. The types or pigments 

forucal, end the changes in total pigment content during 

greening, were determined for Peperomia leaves. 

Photosynthetic rates in green:ng leave° were also 

measurea'a :hese involved the determination of oxygen 

uptake in the dark and gas exchange in light. Since dark 

oxygen uptake was unexpectedly found to be higher in yellow 

than in greened-yellow Peperomia leaves, it wee decided 

to follow changes in respiration rates in the greening 

leaves as tell as the photosynthetic rates. 

As has been mentioned in the General Introduction 

(page 9), green Peperomia leaves are made up of a potentially 

green epidermia, a colourleaa sub-apidermis and a green 

core or chlorenthyma tissue. in yellow leaves the core 

tissue is colourless instead of being green. Anatomical 

investigations were therefore undertaaen to study the 

changec latch take place during greening in these yellow 

tissues. The main features studied were ehlorop3aat 

structure and chiaroplast morphology (the latter eovering 

changes in chloroplast size, number and distribution). 

In addition, general leaf anatomy (i.e. tissue-types 

and distribution, and changes In call size) was also 

studied. 



The total content of chloruplast pigments in ;?e .romie 

leaves umIer greenlwg conditions as followed. by determin 

the amount of each of the four pigment..types formed 

(eh-lc:week:Ill a chlorophyll lit, carotenes and xanthophylle). 

Green and verieLated Peperwlia plants were kept at 25 ft-c, 

and at 2C-day Intervale, their 1 of pigments were separated 

by paper chromatograhY (pate 2 and the concentrations of 

the pigments determined, 

1 mi. samples of the troleum ether extracts of 

leaf pigments (prepared a described on ,w4 ;e 22 and uaed 

in the above determinations), were also measured out, 

evaporated. under vacuum, dissolved in 5 mi. Ur acetone, 

and their optical densities 663 rp and 645 9µ measured. 

Fro: a these determinations, the concentrations of chlorophyll& 

and b in ,L:6, fresh weicht leaf material wee celculated, 

using the fo11owin eaustions derived,. by using the specific 

absorption coefficienta of cHinney (194G) for ehlo4WhWil 

and b, ( nciachlan and Lalik, 1963): 

111 .; 3 D663  0.66 D r ) 

x x 

( 19.3 D -
645 bbi 

d x. 10 



here 01, ie coz1c. of cni. in 14,4.4,. .t..Tt. leaf material. 

Gb to conc. of chi. k in mLeec.fr. ,..A. leaf lasterial. 

1) is optical density at v,av(3-length ineicLIted. 

V is volume of µxtract in mi.. d. length of 1104 

path in cm. and W the fr.wt. of leuf matorisl in gross. 

(b) notolatvillfta. 

A iburc apparatus tie jua7tcxi to 30QC 10C) oscillations 

per kept in an sc ditioned room il;as used for all 

photosynthetic determinatios. e apparatus was iiluminaled 

by two 1000 v,attbulbs supporto in.long retort stan,le at 

such heiLht that the ..ig; 'it IL enaity on the flass c3ntaining 

the photosynthesizing aateriai was about 800 f ""C• o over-

come e heotint effect of the strone light fi, the bulbs 

(i.e. to maintain the b h te:,,dercture t 3000). water from 

a lar6e plastics tar coos in the air ...conditioned room. 

circulated inside the bath and the excess water drained 

flask contained 20 leaf dice,. ; in 2 ,11. allbarZ2, 

No. butter soiution (carbDncto - bicarbonate solution 

with c= concentration of .1 x 10 Ell • ). The flasks 

were fitted to their corveeponding manometers. covered with 

black bags and tested to ensure there 7:mss no leakage. They 

were then mounted in the bath and equilibrated for about 

20 minutes. Oxyaen dbuorption in the d rk was measures at 



Linute intervals for one hour. At t o a of this period, 

the black bats were remavee from the flaoks =hang., 

ain measured at 10-minute nt rvals for another hour. 

'erninotion wasdone in triplicate and the 

total chica h43.1 content (in ri/g.frovit.) for each swp 

ima also detrffline0 from optical eensi measure.,ents of 

acetone extracts at &3 aj1 and 645 tap dczoribed on pate 3t. 

(c) ResairaAgn. 

2C leaf discs (diameter 7 were fA an washeC 

le7oves, blotted dry and put into the outer well of a 

arburg flask. 1.8 ml. phosphate buffer (pli.6.4) were 

added to the leaf discs 1 each flask and 0.2 ml. 

put into the centre well (into which had been inserted a 

roilea.ull 2 am. No. -niter pager). The total vol e 

of leaf discs an olutions in each fl .sk was 1) mi. and 

the teuiperutLwe of the bath, Cr. 

e as k° e've tied up in black bats and after 

equilibn!ting for about 20 minutes, oxygen uptake was 

measw?ed 1',„-uinute intervals for ono hour. otal 

chlorophyll confer!t of each samle µ s determined as above. 

(d) Anatomical 

Potted variegated Peperolia leaves were kept in a 

light cabinet :1th a light intensity of ft-c., 
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temperature of 25°C and a daily photcperiod of 16 hours light, 

At inter vale over a period of 10 weete, samples of leaf 

material from green and yellow tiasues were taken from the 

potted plants for ana °mica' investlga ions. 2ach sample

was 'Bade up of leafw.blts £roa the terminml leaves of 5 

plants so solectod that their terminal leevea were about 

the aa¢ae age, (the initial cell-sieee of these 5 selecte€ 

terminal leaves were very similar). 

Unstained aneverse sections were preDaod from 

the leaf-bits and 5 good eections one irOm each leaf) 

constituted a a le for t-he above anatomical studies. e 

sectitans were mounted in 7:a ter and were studied under the 

high i)ower of a Zeiss WinIzel microscope. iior each saar)le, 

the distribuu on of chloroplasts in the different ceil-typeo 

was studied and counts were maJe of chic last nuzubers. 

Neasureents of chloro:Aast-size and cell-size were also 

made, 

lectrom microscopic inveati lone tera also carried 

out. Alectron mi rographs to :how chloroplast- structure) 

were sreDarted normr y yellow. and eargul-yellor 

Peperom ues. a more electron microraphs 

were later prepared to comp/eta studies on chloroplast 

differentiation. Them aterial wed for the latter studies 

was Obtained from a yellow leaf aria yellowish leaf-bud 

Wduped from a normal green plant at low light intensity 

(25 ft-e). 



iil 

After el + t : cr E rsphe had been prepared to show 

#104r.initial.chloroplut structure, the y llow leaf and. the 

yellowish lea bud were 4eDt at pow light intensity for 

weeks, and fqrther electron wleroacope preparations were 

made,from them, Alectron micrograohs were. .r Prepared 

ram the above ti ueu after they hokremalmod in the lo 

light intensity cabinet for a total of 10 weeks, 



:!he s',ructaie of .e,,,eilz;.41,1 le,f studied Ourfn this 

worl';., hes been fully 6escribeo oa puz,e :43 con be seen 

from the lo -po'er distribution di%.m,w bete`.'':', it shows 

ro,.11:119, r:. lo -er meso-,11:111 ti2sue of 3M.-71 

cells .;071,-nr.v_k-ri from an upper mesophL-11 tissue 1):: v 

chlorenchuma tiz:sue. The upper mesophyll tissue is made 

up of lari:e, c,eter-stors8e cells (hereofter re 'erred to 

as stoi.Le titisue'). Both the lower mesophyll tissue 

any the stor_4z7e cells are about 5 ceLL-layers thic4iT 

both yellow am:, Lreen leaves. The chlorenchyma ti, sue 

CO )nuisl of lboat 3 layera of very amdil cells rAld it is 

here that most of he chloroplosta are concentrted. 

in treen and -eened-yellow leaves). 

Ue 

Ct 

It 

Le 

:Fie,. 14 

•e• 

diJtribution di6ram of 
T.L. of .1,epero4ia leaf. 

Ue - Upper eDidermis. 

St or4;e tissue. 
(7pper mesaohyll tissue). 

niorenci 8$ue • 

Lt - mesoph.,y11 ti6sue• 

Le - Loicer ep 



Microscopical examination of transverse leaf-sections 

showed that th the storage tissue and the lower mesophyll 

tissue contained. chloroplasts, many more occurring in the 

lower mesophyll than in the s• rat, tissue, e chiorple 

in the chlorenewma tissue of green levee even. in very 

young green looves which lobk yellow) were found. to bei 80 

closely packed. that-it was not possible to make reliable 

ehioroplast counts, or ollow changes in cell size in this 

tissue. In the lower mesophyll arm

,

 storage tiszue. 

chloroplast numbers and sizes were lso o varisble that 

it was evident that quantitative analysis of chloroplast 

numbers and sizes was not goin to provide any setul 

information coneernin x changes in chlerpplast moruhology 

under greening conditions. Only qualitative resalts of 

chleroplast distribution and morphology have therefore 

been reported in this thesis. It was however possible to 

make quantit!tive atud.ies of changes in cell-size in the 

lower meaophyll and etorat≤-e tissues, and ataaistieal 

analysis of these results have been reported 4 6047). 

As has alrendybeen mentioned above, olAt chloroplasts 

could. be found in all the 3 'tissue-types' of :veperomis 

leaves, bet Crean and yellow lenves, very rev 

ch.oroplsts were present in the stop tissue, and these 

e usually agiall ehloroplasts, under 3 µ in di.ameter. 

heae occurred in sides or in groups of up to about 
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if 
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or more in isolstsd cells, and thcsy wess, paler green 

in COiatiTo 

In yellow leaves, the laser mesophyll tissue aar 

chlorenchyma region contained very few small chloroploste. 

Here too chlorsplast numbers varied from about 2 to 8, and. 

were present in isolated cells. R:ore leucoplasts (colourless 

plastids) were also found in these tissues. 

The lower mesophyll tissue of Ereen lesves shesod 

numerous chloroplasts(about 4 to 12 per cs11). These occurred 

mostly in the 3 to L layers of lower sesophyll tissue nearest 

the chlorenc -ma region, very fel: occurrine in the 2 remaining 

lower mesophssa cell-layers, ;A4me of these chloroplssts 

sere the small-sized types which were found in the stossEe 

tissue and in the lower mesophyll ace ehlorenchyma region 

of yellow leaves, but most of them sere large ones, with 

diameters of about 6 to 8)4. All the chloroplasts in this 

tissue and in the chlorenchy s regisn, sere of a distinctly 

dark-green colour. The chlorenchyma tissue of green leaves 

showed the highest concentration of chloroplazts. nere, 

in cells of about 24 x 32 pi were :Cowie, up to 10 or more 

closely packed large chloroplasts (6 to 
E)i diemeter). 

During the ten-wee≥: experissental period, no definite 

pattern of chansss in chloroplast morsholoey or distribution 

was evident in i;reen leaves kept under creenins conditioss. 

(i.e. ligh₹ intensity of 25 ft-s). In the chlorenchyma 



and the L layers of fl ower a ophyll tisaus (immediately 

belov, the chlorencaym' ti c j vJaere larg numbers of 

chloropl to occurred, no (Afinite pattern of chs,,hLe in 

ehloroplatit number or size w m found., The chloropleuts in 

theae tiof;uoz to ly the large-sf..e d typep anti Liome 

of thou we , l'o-And to be dividing by about the third week. 

The only vr_LuiLr, viLible c-i11.3nte in the colour of the 

chloroplast - they .oeve progreslAvely becoming duraer-bmen. 

During the suit period as above, and under the sa.ae 

conditions, no .faantitative chin e was found in the it tubers 

end sizes of the chloroeleuts in the a toraee tisue of the 

yellow leaves too. A di: tiract chafe in ehloroplaat colour 

was however forma:' to occurring in thei,:e tizsues. 

The chloroplabts, and tioale of the 1Queoplaots in the 

chlorenchyma recion ane in the lower sesoehyll tissue 

re becalUnE g.!..=eener and er, thouc- re too, no 

sitniti twee in eh oro )1 t si e or number -fas foam, 

"he chat k e in oo10 particularly striking in the 

chlormenyme tissue, which he tenth Tvf-Js alylost 

indi;itinguishable from thet of r:c.m.ial - loaves, The 

only diaerenc chioroplaet riorpholoo' between a section 

of np,;traal creen and greened-yelloz, leaf that the 

ehloroplasts in the former ,eve lfIrger and darger-green in 

';es in cell a a in green and 
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yellow isauee under greening conditions during the 

ten-week experimental 'lode k'rom these results, green 

leaves showed no gesrerA ineieal;e in cell size, either 

in the storage tissue or in the lower mosophyll tissue. 

In yellow leaves 011 1; he other hand, there wL18 evidence of 

cell enlarge%, in both the lower mesophyll and §Aore -

tisaues, the ineresee in cell size being elightly more mark 

is the former tiecue. 

lilectron microscope examination_of mature green Pepe 4omia 

leaf-tissue showed normal chlavoplasts with well differentiated 

graaa and stroaa (intergrana) lamellae, and large starch grains 

(Fig. 15a). Chlorepl .to fram yellow 1 s were completely 

devoid of lamellae and had no atarch (Pig. 15e) They 

were also smaller than those found in the green cells, iAiring 

greening these chloroplaets (from originally yellow tissue) 

formed lamellaeextendir from one end of a ehloroplast to 

the other, but which showed no differentiation into trans 

sa6 stroma. lamellae (rig. 15b). They also showed s,comolets 

absence of starch grains. 

Chloroplast structure from a yellovish fully Aleveloped 

leaf-bud iasoduced from a normal green plant at low intensity 

is shown in 717 15d, Lven theAlgh the ti.saue 101U which 

this type of shloreplast was prepared was yellowish in colour, 

and the chloroplasts were smaller than chloroplaste from 

normal ye.low tissue, differentlatin into stroma and grans 



iig. 1 > ‘;Aloroplast differentiation in Peperomia leaves. 

lamellae. (} grana. m - outer membrane. 
sl - stroma lamellae. st - starch grains. 
off; - osmiophilic granules. v - vacuoles. 

a - lormal Green Ohloroplast. 

h - C;hioroplast from Greened-Yellow tissue. 

c - Ohlororaast from Yellow tissue. 

d - Jhloroplast from yellow leaf-bud produced 
from Green shoot in low light intensity 
cabinet. 

e - ‘;nioroplast from above leaf-bua (now young, 
greenish leaf) 4 weeks later. 
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wae a t eeedy bec evident, and, they also contained 

starch grains. about L. weeks at low 11ght intensity 

(by which time the yellowish leef-bud nee d veloped into 

a small, pale-green leaf), chloreplaut eiefeeentiation 

was zest complete g. 150). the tenth week, 

chioroplast structure in .he now derkegreen leaf (from 

the above yellowish leaf-bud, at low light intensity was as 

shown in rig. 15a. In the same period (10 weeks), and 

under the retie cox i tuns, a chloroplaat from a greening_ 

yellow tissue was ineomeleteiy differentiated are=: contained 

no starch 8rains (its structure is as shown in eiv• 15cee4 

The changes in pigment content during greening in 

yellow Peperamia leavee are shown in Table 2a b, which 

also show the results of pi ent changes in green Peperomia 

leaves under the same conditions. From these result the 

ratio of chloroebyll is is about 3 for both yellow 

and green leveL, eble 

The ratio of chlorophyll to carotenolds is higher 

in green, than, in ;.7ellow leaves. (Table 2b).4 This

probably =claim' the difference in abaoretioe epectra 

of chloroplaet pigments from green araan yellow Peperomia 

leaf tiseues shown in Pig. 16a, b. 

the r^ :ti C‘sr,. Dip
663 

and 2.3 for pigments fromgreen 

Anderson and Calvin (1962), the 

-1 fox 

leaves. 

these spectra, 

lot; leaf pigments 

cord to 

presence of caretenolds 
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Total 
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Total 
arotenoid.p Caz 

n 0.325 C.1 

0.055 0.05 1.1 

0.44 0.19 2.5 

Yellow (.13 0.115 • 2 

0.51 00.22 

0.185 0.115 1.6 

reon 0.625 0.235 2.7 

Ye.Llow • 255 0O45 

a in Pi t 

ledge * .3 

(Values  for pigment cont. are 01,D. of 
raimenta from 50 aL.fr,71. atulleavegimi. 
cetonet 100 lig.fr•wt• -7e1112A leave//m1. 

acetone). 



0.8 

0.6 

O 
0 

0.4 L 

0.2 

III 
0 
400 500 

Wavelength, mp 

600 

Fig. io Absorptio4.snectra of Green and leilow 

Peperomia leaf ealoroolast pigmunts in 

acetone. 

a — Green loaf: 
01 4)0 
dt6.3 - 28' 
0 
D430 b — Yellow leaf: nro = 3.1 
663 

700 



tii 

1 

can produce an enhanced appax nt intensity value in the 

blue band of the chlorophyll 1  spectrums '4.hus a biLhe 

carotenoid to chlorophyll content • (as is found In the 

yellow leaves,0, can in the above spectral difference. 

Chromatography of -eperomia 16af piLments : a. 7) 

shower- in addition to the four components. chlorophyll A 

chlorophyll 10, carotenes and xanthophylls, anoth r 

Ce signated hex this ptgment was eluted and its 

awJrption spectrum determined, (Fig. 17), it was found to 

be almost idmtical to that of eth  pheophorbide a 

(Dolt and Jacoba. 19516. The close similarity between 

Bolt and t .cobs spectrum and that of 'in scomed to indicate

that this pigment was pheophorbide a. gut from the position 

of the jigpigment on the chromatogram sho7,n in rig. 7. 

chlorophyll A and IL arelmore hydrophilic than "n. This 

suggests that 741 must still contain the lipoDhilic phytol 

unit of the chlorophyll molecule. In other words, while 

the absorption aoectrum seems o suEt,eat that i74n is 

pheol,orbi4e it. the position of the pigment aft chromate.-

g phic sepsrutl= of chloron st 91gments that 

tTn la nore likely to be a pheophytin. 

,:hen uheophytin end 10 (prepared by e.d,r'ition of EC1 

to chlorophrll b) -er=e chroTnatoara:-he Tith the same 

solvert system used of ove the positi)E are colour of one 

of L.he 2 ksots cor-c;4:iponded to thflt of ”no 
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absorption spectrum of this spot wcts also identical with 

that of Un, while t e .bsorption spect um of the oAaer 

spot corresponded to that of ethyl p ieo rbide k (Bolt 

and x co'bas, 1954), The above results (though bey could 

n. t help to determine the chemical structure of n), 

suggest that tbia ptgent is MOs probably breakdown 

product of chlorophyll The sum of the optical densities 

of chlorophyll a acrd Un waa therefore taicen epresent 

total chlorophyll E content. 

Pm has been report, d above, the formation of Chlorophyll 

in je peroi4ia plastids is not accompanied by complete 

chloroplast Lifferentiation. NO starch grains were also 

found in chloroplaste from greened-yellow tiueuea. Hence 

though absence of starch is not necessarily inacative of 

Look of photos it ae 8, photosynthetic dete. Unations were 

made in green and low. PeperGmla leaves to fib out if 

the unusual chioroplast structure greened-yellow tissue 

is due to the 1:ormation in these plastids, of the non-

photosynthetic type of chlorophyll report in Oenothera 

leaves by ' hoeta 56). 

Oxygen uptake in the dark (respiration) and oxygen 

evolution in light (apparent photosynthesis) for green 

greened...yellow leaves are shown in Fig. 18 a end b. Pros 

ti eee graphs, and from e erminations of leaf area, leaf-

s an chlorophyll content per the rates of 



Photoojntheeia in Paperzoinia loaves. 

(a) - Normal Green leaves. 

(b) Greened-Yeilow leaves. 

• - Oxygen uptake in dark. 
(Respiration) 

o - Oxygen evolution in light. 

(App. photosynthesis) 

A wile is 20 leaf-discs 
(diameter 7 mm 
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photosynthesis in ,i;.ceen and areened-jello s shown 

in Table 3 were caiculatedo

Instead of evolving oxygen, yellow ;:eperomia leaves 

continue to take 111; oxygen in light. Accorlig to Curtis 

and Clark, (1950*) absorptioT; of oxygen in liLht could be 

due to pnoto-oxidvtion, due to photo-oxidati, 

(bleat ling has been found to occur in ,43peromia lervc at

about 800 ft-co), then the rates of photosynthesis )4n 

in 3, sh3uin be corrected for oxygen uptake in li fight 

Cue to photo...o.xidelion. But even without mAkin 4 his 

corP(fction, it is evient the+ the chlorophyll formed in 

yellow Peperocti* letwee (luring grf,:;ening is functional 

(i.e. photossintheti 

Table 4 shows the rates of photosynthesis in gr-eed and 

yellow leaves t low light intensity. In green leaves 

photosynthesis fell bw ab,:ut a 4uarter of the initial rate 

in about 10 weeks. On the other and, photosynthetic rate 

in yell leaf-titisue rose so Lauegtedly that by the end of 

10 weeks the rcto was t same as in green leaves 

opt under the same conditimis. From Fig. 19 the rise is 

most rapid f.`r€ *bout the second to the fourth week; 

thereafter, though photosynthetic r._ to continues to 

Increase, pit does so even more slowlj than vithin the 

first ortnight. In terms of photosynthclsis 2--te per 

ohloronhyll, there is e fall in photosynthesio in yellow 



Jig. 19 

0 2 evolution 

40 

30 

'Li)* 

• 20 a) 

0 

10 

0 

-10 

• 

Az / 

0 2 evolution 

4 

3 

2 .20

to

4 6 8 10 

Wee ks -1 

Pnotos:!nthetic rates in Iellow Peperomia leaves 

at low lignt intensity. 



Leaf 

Tissue 

ate of 02
uptake 

Chl. cont. 
(mg/ -,/fr, wt. ) 

Chl,cont.(mg/g.frowti 
2 i. ta.ke(m1,02/g/hr 

20 

en a 175 
, 
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Green vie 
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. - 

Green 112 

0,146 

0.013 

C 83 

a 0,14 

0.189 1.60 

0,025 0.28 

242 2.16 

Yellow 57 

Green 97 0. 277 2. .:06 

y- 58 0. 0. 7t; 

Table 5 

Changes in rate of 02 uptake (Respiration), and 
Chlorophyll content in Peperomia leaves at 25 ft-c. 
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leaves ailer ebout a. i€onth of greening. 

C: es in resviraelon rates (rates of oxygen uptake) 

and chlorophyll content in Ereen and yellow Peperomia 

leaves ('i2nble 5) show that the ratio of chlorophyll content 

to ox en Uptake increaoes at 2 ft-G. in both ,;:ye en and 

yellow leaves. The increase is however faster in. yellow 

leaves - the increase here is by a factor -of over 5 in 60 

days the sme period, the ratio increeses just 

over tie in f;run levveo. 

DILICUb'8ICe 

The results from the determinetion of chloroplast 

plfelents in l'eperomia leaves shoe that both Green and 

yellow leaves cen synthesize chlorophyll chlorophyll bp 

carotenes and xantlioehylls (the compouit4en of the 

carotenoids formed in the Lreen and yellow tissues has 

not been inveaticated). It is evident th€:at it is the hlLh 

proportion of cf,rotenolds to chloviel hylle in the latter 

tieuee n se. eaPP0 eith the ratio of the ,e two 

types in green. leffvea which Lives them their yellow 

appearance. 

As greening proceeds in theee cello E Ieaves, the ratio 

of chlorophylls to carotenoiCa ineresea )1141 nfter about 

2 months of .;reenin€ (when the leeves ere inctly Ereen) 



the total chlorophyll content is nearly twice as much as 

the carotenolds. 2hese greened-yellow leaves are still 

very much paler green in colour than th.e normal green 

leves which. in the *awe period, and under the same 

conditiona, have about 2 times as much chlorophylls as 

carotenoida. (Leble 2b). 

The incompletely identified piament.Un, occurred 

both in. yellow au well as in green leiNes. By_ analogy to 

an ObservEtion reorted by .31.1imizu and Tamaki (1963), 

it :appears that the breakdown of chlorophyll to produce 

lin could have occurred during the chromatogreehic separation 

of chlorpplaat pi Ients by removal of magnesium. It 

however not easy to explain why during the chromatographic 

procedure, removal of magnesium. was not foun4 to occur in 

chlorophyll k as well. 

Franz Seheets (1956), found that young green leaves 

o eZ thea t ho erilevata with mutated plaatidat

could not photosynthesize, while green leaves from the same 

plant with normal kispaqi, pi tads, photosyn hesized 

normally The formation of non-functional chlorophyll 

was also found to Occur in. a species of e t,hera

with mutated p astidas as well as in certain chlorophyll-

rich mutants 149244 014 pyr,noldgsa (Davis, 194.6 

aa reported in ;::le results, the chlorophyll found in the 

plaatida of yellow Peperomia leaf-tiseue during greenin6 



is functional; i.e. it la not the non-photosynthetic type 

of chlorophyll reported In Qenothera 

In terms of Fl. 0 t6. chlorophyll* the rate of 

photosynthesis is even higher in the greened-yellow 

Peperoluia leaves than in the normal green one though 

the rate per unit leaf surface-area is hijaer in the green 

le :vas -able 3). Resulte from other plant species show 

that the rate of photoEwIthesis (carbon dioxide assimila-

tion) per unit surface-area is less in yellow-green 

varieties then inmark-green ones* but the rate per unit 

chlorophyll (assimilation number) is higher in the yellow-

green leaves only by as much as ten times that. in 

the normal green le-ves (Curtis and Clark 195Cb). 

Deterinatien of respiratory rates and chlorophyll 

content s.ors an interesting correlation between oxidative 

metabolism and chlorophyll accumulation* Porphyrin synthesis 

is known to be initiated by condensation between glycine 

and succinyl-CoA, The intracellular concentration of 

succinyl-Go or succinate may be important in regulating.

tetrapyrrole biosynthesis, and the rate at which the 

tricsrboxylic acid cycle operates ceuld influence 

chloropnyll synthesis. ,';uceina' fumarate oxidation has 

been shown to be the limiting atep in the TCA cycle under 

semi-anaerobic conditions (Krebs and .ZJowestein, 1960). 

Thus bile highly aerobic coconditions would fairer metabolism 



succinate by the 4:i;Ji cycle, eith low o -6en concentr:Alen, 

ly more succiAyl-Card may become available for diveetion 

towerds tetrapyrrol. formation, 

Table 5 she, s that oxygen uptake in Pepc!eomia levee 

duceoseee at lot :light intensity which has been shown to 

incre%ee chlorophyll accumulation. It 12 thus erobable 

than an oxidative mechanism such as sucitnate oxidation 

ey tLe TGe cycle, may play an important role' in controlAnie 

c:110eoph4li synthesis in eperomie.. ehatever the mechanism, 

it produces o more profound effect in yellow, than in creen 

leaves, since the Inc rose in the eatio of chlorophyll 

content to oxyi:,en uptake is faster in the former, (The 

erZeet of oxyLen uptake in eeperomia leecee is e•urther 

discussed on pee eld). 

The principal chan4,ce that take place in a chloropleet 

during Ereeninc are increusinL, differentiation and 

chlorophyll eccumulation. Anatomic :1 studies have shown 

thet in eJeperoLlia leaves the incresee in chlrophyll 

accumulatiem occurs mainly in the chlorenchyma tissue. 

4 No evident pattern of chantee in chioroplast number or 

increaee in chloroplust size was found. The only definite 

anatomieel chenee that was found to te.ze place was increase 

in cell sLee in yellow leaves. Inc -O in cell size 

could lower t€ae chlorophyll content of the yellow leaves, 

but from the Cetermination of changed in chlorophyll 
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content at 10u li, intensity (i 6s. 11 d 12), chlorophyll 

content/unit leaf aree nevessed both in green as well as 

in yellow leaves. Thixii the 'dilution effect' due to 

Itrease in cell size in yellow leaves cannot be toe 

explanation for the formation of yellow. tissue in PrperoLLira

leaves. 

According to von ettatein (1958, 1959), and lain 

and. Poljakoff-Mayber (161), organization. of lamellae can 

take place to a limited extent even without chlorophyll, - 

though grans formation cannot. Yet even though the.yellow 

leaves of Peperomia being studied. in this wQrk can 

.r.cumulate fairly large quantities of chlorophyll at low 

light intensities, their chloroplasts never become as fully 

differentiated as those in the normal Green leaves. (After 

60 days at 25 ft-c., yellow leaves contain about 2(r. of 

the col© % hyll content of green leaves kept at the same 

intensity). 

studies of chioroplast structure in green and yellow 

leverolido, leaves have shown, that as is to be expected 

ahloroplasts from green tissue are completely differentiatea 

into grans and s6roma lamellae and thej also contain some 

starch grains. Chloyoplasts fro4 jellow tissue on the 

other hand, show no differentiation at all. 

When yellow tissues are induced to green at low light 

intensity, some differentiation is found to take place in 
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heir chloroplasts. ellae are formed, but these 

Aostly extend across the full length of the chloroplasts, 

showing no elear differentiation into grans and strcsaa 

regianc. ffq:, though these chloroplasts contain large 

quantitiee of hlorophyll, they ao not becoac as fully 

-Afferentiated as chloroplasts ,rom k;reen tisaue. This 

incomzaete differentiation is either the result of 

peculiar developmental pattern found in yellow eeperomia 

tissue chloroplasts, or else it could be due to the low 

light intensity requirement for chlorophyll formation 

and/or ecerenalation in these tissues. 

wstamination of chloroplasts from green and yellow 

leaves formed and developed at low light intensity showed 

that the peculiar structure of chloroplasts from greened-

yellow tissue was not the result of low light intensity. 

Hence while yellow tissue chloroplasts could not show 

complete differentiation after 1C weeks at low light 

intensity, chloroplaat differentiation was complete in 

green tissue after 4 weeks at loe light intensity, even 

though the latter tissue wea paler-green in colour than 

the former. Chleroslast differentiation, even in v ;17 

young 'green' leavea (with smaller chloroolasts and 

distinctly yellowish tissue was more advanced than was 

found in the yellow leaves which had been green  for 

10 weeks. 



All this clearly shows that the incomplete chloroplast 

differentiation found in greened-yellow leuves is not a 

low light intensity effect, and is therefore due to the 

physiolok,ical anorwality of the yellow Peperomis leaf-

tissue, 

The results discussed so fLx (i.e. in ections II and 

), show that there is no lirreveraible block' in the 

chlorophyll biosynthetic pathway in yellow Peperomia leaves. 

If they do not green at high light intensities, this could 

be due to one or both of the following reasons: High light 

intenuity might result in (a) a faster rate of chlorophyll 

degradation than chlorophyll synthesis, and (b) a reduced 

rate or cessation of chlorophyll eynthesis. These possibili-

ties are examined next. 
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hen green and greened ow . a plants are 

exposed. to high li)-s-t intensi s (About 8OO ftc.), their 

leaves beconie bleached, 7xperilienta were theefore carried 

out to examine chlorophyll degradative processes in these 

leaves. The two.processes examined were chlorophyllase 

activity and bleachinc. The expert salts were to find ;aut 

if there was any correlation between the rate of chlorophyll 

breakdown and variegation. i.e. if variegation is the.

result of a faster rote of chlorophyll degradation in 

some of the lemf-tiesues. 

e has already been shown, low light intensity causes 

greening in yellow Peperomla leaves, and it has been 

reported that chlorophylls ae activity is lower in leaves 

grown in the dark than in those grown in liEht (holden, 

terminations Of the activity of the enzyme at hiEn and 

low light intensities were t.berefore also made to see if 

greenin at low light intensity can be explained in terms 

of the effect of Light intensity on chlorophyllase activity. 

Three ro cps of methoda for detraining chlorophyllase 

activity have been used by various workers. In one rout), 

the piEmenta v,,ect extracted into ethe and then into alkali. 
11 

This was use. by Allotatter and ;Aoll, (1910) and wt Ild0 

used by Peterson and McKinney (1936j. Another metho4-. 

chromatographic method), was described. by ;1.ronval ( 



and used by Gage and Arlooff (1956). = third method was 

based on the insolubility of Ohlorophyllides in light 

petroleum ether, (avast and UCKinney, 1944 Ardao and 

Vennesland, 1960; Holden 1961). 

Though the chromatographic method is s posed to be 

the moat accurate, it is time consuming, especially where 

large numbers of determinations of enzyme activity are 

envisaged. The third method, based on the insolubility of 

chlorophyllides in light petroleum ether is accurate 

enough to be used in. experiments to compare enzyme activity 

i n different tissues under similar conditions, and because 

it is 4uicker too, it was used in all chlorophyllase 

c ivity determinations reported in this work. 

2. Ireavz 

(3. parati of enzyme 

The enzyme was prepared by quickly grinding fresh 

leavee in cold 8.V acetone in a mortar and filtering the 

suspension in a Buchner funnel. The residue was washed with 

more acetone to remove as much of the chlorophyll as possible* 

The acetone-insoluble leaf residue was reground and washed 

with more acetone. The fine residue left was dried. In a 

desiccator at Got and used as the enzyme extract* 
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(ii) Pre paratiz..n of aubutrate 

ard chlorophyll solution' was p follows* 

chosis or 4uonymus leave* were gamy ground in 

a mortar with acetone. The beet was filter and washed 

with enough acetone to give the filtrate an optical density 

of around 2 at 660 "4 The filtrate was kept for at le t 

three days in a deep-freeze and carotenes which c p_tated 

out, were filtered off, 

(Ili) Determination of chlorophyllase accti Sty 

G.t gm. of the fine, dry, powdered, enzyme extract was 

incubated at roomwtemperature in the dark with 6 mi. of 

the standard chlorophyll solution and 4 ml. 0.01 M sodiUm 

citrate. Optimum conditions for thi enzyme action which 

were maintained in this experiment were, pH 8 temperature 

20
o 
to 30 (4 acetone concentration - 40 to 50. 

At the end of the incubation period, the reacting 

meth ' was Altered and the residue washed with 30 ml. 80 

acetone. 10 za. of odium Chloride wee adSed to the 

filtra-W aad ehaken up. 20 ml.. of this soiution was bhaken 

up with iota of 10 ml. light petroleum ether in a sepsrut-

Lng tunnel, and the vest kept for determination of total 

chlorophyll. The petroleum ether layer was discarded, and 

the acetone layer, containing the chlorophyllides, **de up 

to 20 mi. with acetone. 
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The optical d hies of total chloree? 11 

chlorophyllides at 660 9u were determined on a Beckman 

spectrophotometer. From these readings and those from 

a Control with no enzyme, chlorophyllase activity was 

calculated. (ach result is the average of two dett;rmina-

tions). Chlorophyllase activity was expressed in units/200 mg. 

enzyme powder, i unit being the amount which catalyses the 

b.reatcdown of I0? of aubstrete in six hours. :11zyme activity 

determinations Aere confined to terminal leaves. (Activity 

of the enzyme was found to be higher in terminal, than in 

older leaves - 2.2 & 1.3 .units respectively). 

(b) Bleaching 

Because the chlorophyll content of yellow Pe +eromia

leaf-tissues is very low, greened-yellow tissues (from 

variegated leaves kept for about three months at ft. e) 

were used for the following experiments: 

(1) Bleaching in chloroJAadt suspensions 

Peperoia leaf-tissues were ground. in a sucrose-

hosphate buffer solution (0.5 M sucrose, 6). 1° e 

suspension was filtered through muslin to remove coarse 

cellular debris and the filtrate centrifuged at 200 x g. 

for 1 minute. The sediment made up mainly of email cellular 

fragments, intact cells and starch grains Ws3 discarded and 

the supernatant centrifuged. at 600 xg. for 5 minutes. Ale 
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bedirnent (mriniy whole chloroplasts and a few smaller 

starch grains) was resuspended in sucroae...phosphate buffer 

solution and. used for the ble-ching experiments. 

F.ach sample wao made up of 1CX leaf discs of green 

or greened-yellow tissues (i.e. eqaal leaf-area of green 

and greened-yellow material), or of equal weight of the 

two types of leaf tissues - 3 g. each. The whole-chloroplast 

sediment from each eoleole was resuspended in 15 mi. sucrose-

phosphate solution, and this was divided into two *mall teat 

tubes, one of which vas dept in a derk cupboard end the oche_ 

exposed to licht of about 800 ft-c. The initial oetical 

density of the chloroplast suspension from each eefeele 

measured in v Gollonkomp photoelectric colorimeter with 

608 nate:, ene the Aeeaurements repeated every 2 hours 

for a total of 8 hours. 

For eaeh exoeriment, chloroolast suspensions from 

3 samples of green, and 3 samples of greened-yellow tissues 

were used, (either using equal leaf-weieht or equal leef-

area). 

(ii) Illeeching in whole leaves 

Potted plants with normal green and 'greened variegeeed 

le=aves' were meintained at 800 ft.c. for two months in the 

reef light cabinet'. At fixed Interval:, three 0.5 

token frcie the terae,ecal and second 



of the green plants, and three O.

is iten rrom the greened-yellow parts of the tem1.14Iiid 

and second leaves of the variegated plants. 

chlorophyll comet t of these two sets of samples way 

determined b the method on page 22. 
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3. MOUE; 

The first part of this work on chlorophyll degradation 

as to find out if yellow Peperomia leaves had higher 

chlorophyllase sctivity than green leaves. It was actually 

to ascertain whether it was because of higher chlorophyllase 

ectivity reaulting in a higher rate of chlorophyll breakdown, 

which wee responsible for some Peperomia leaf-tissues appear-

ing yello TIPW1 1g. 2 b ea chlorophyllaae activity 

in. two other variegated. plants which were studied (Pelargonium 

Hedera) is about the same in the green and yellow leaves. 

Results for eperomia (Fie. 20e) also show that the activity 

of the enzyme la not higher in the yellow leaves - here 

chlorophyllaze activity is lower in yellow than in green 

leaves. 

aesults of chlorophyllase activity in eeperomia and 

other variegated plants at different light intensities are 

shown in Table 6. These show that chlorophyliaae activity 

is completely lost in Peperomia leaves after about a month 

in the dark. The initial activity of the enzyme in Peperoaia 

during this study was so low (1.1 tunitst). that no definite 

light intensity effect was evident. Various attempts failed 

to reproduce the high activities obtained during the study 

of the relative rates of chlorophyllase activity in. green 

and yellow leaf-tissues. (Fig. 20a). Several determinations 

were made using different batches of Peperomia plants growing 
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under controlled environmental conditions (in light cabinets). 

Determinations using dix:erent 'standard chlorophyll 

solutions" (from the Leguminous plants  __QAAa_ehaseoloidAL 

end as well au 

were also tried. All these• determinations showed very low 

activity (below 1.5 lunits1). 

Results in Pelargonium and Chlorophytum on the other 

and (' "able 6), clearly show very little light intensity 

effect on chlorophjllase activity. In Bedera, ruonymua and 

Veronica, there is a significant decrease in chiorophyllase 

activity in the dark, while in Ohlorophytum, 15 days in 

darkneua doea not cause a significant change in activity. 

Fig, 21 a & b and i . 22 show the resulte of experi,aento

on bleaching in. Peeeromia leavea. As can be teen from ,A.g. 2ia 

where chloroplast suspensions were prepered from eeuel freuhe 

weight of green and greened-yellow leaf-tissues, the 

chloroplast preparations which were kept in the deek show 

very little chlorophyll degradation. After 8 hours at room 

temperature, they still retain aver 90% of their initial 

chlorophyll content. The auspensions exposed to light on 

the other hand, lose sibout 50% of their chlorophyll in 7 hours. 

imilar results were obtained when the chloroplaet prepara-

tions were made from equal leaf-area of green and greened-

yellow leaf-tissuee (Fig. 21b), 





Fig. 21• Bleaching in chloroplast suspensions 

from Peperomia leaves 

(a) On leaf-weight basis 

(b) - On leaf-area basis 

A ■ imp Green leaves 

A ❑ Yellow leaves 

Explained in text. 
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It is uuite cler from these results tht chloro2hjil 

doLrodation by light (bleachinc), is not fv,Jter in yellow, 

than in Green leaves. From exDeriments in jhich whole 

locAvea, instead of chloroplast suspensions weze, used, tile 

rat bleaching W3s found to be hither in groec. 

in troend-yello leaves (FiL.. 22). i.e. here too, 

bleachinc is not faster in yellow, than in grGen 

44 

Roaults of chlorophyllase activity in 1=eperollie 

le::f-tissues hvve sho:m that the activity of the en: 4r

is not hiLher in yello than in green leaves. ?4=4;:j if 

Cle role of the enzyme in vivo is chlorophyll Oegradation, 

then it is not responsible for variegation in  .ge-e nlants. 

1=ovever, though the rate of activity is le :)o in yellow 

Peperotin leaveo, it la hiLh enouL,h (coiapared tiith .she rate 

in green leaves), for chiorophyllase activity to be an 

indirect factor preventing Lroenly-4(„ yellow £'eperoaia 

looms. As has been pointed out in t;uneral Introduction, 

siLlient accmaulatin .17; tile not: iLault of synthetic end 

deer dation processes i.e. E;reenin„ is only possible if 

chloro2hyll is formed faster thun it brecke down. nuz if 

the rote of chlore-lhyll '3yntbec'to 1:1 4or:1 much lo.:,or in 
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yellow than in green Peperomia leaves, then even the compara-

tively lower chlorophyllaee activity in the former tissue 

can prevent greening in the yellow leaves, (i.e. if the 

role of the enzyme in plants is chlorophyll degradation). 

Though the action of chlorophillase has been demonstrated 

under various conditions in many plants, the role of the 

enzyme in chlorophyll synthesis in higher plants has been 

clearly demonstrated in only a few cases. Shimizu and 

Tamaki (1962) predicted increase in chlorophyllase activity 

to be the main cause of the yellowing of mature tobacco 

leaves, but the results of their study disproved that 

assumption. A eiailar result was reported by Gage and Aronoff 

(1956), who found that chlorophyllase activity was not related 

to chlorosia in a soybean mutant. 

Gudyina, (1563) found that in su3rioas fruits (tomato, 

rasberry, garden strawberry, apricot, cherry) reduction 

in the amount of chlorophyll in the fruit was 'connected' 

with decreased chlorophyllase activity. This is supported 

by the report of Shimizu am-) 5'amw:i (1962), who also found 

that ueerease in chlorophyll content of mature tomato leaves 

was caused, not by increasing enzyme activity in the degrade-

tive direction, but by decreased activity of the enzyme in 

the biosynthetic pathway. 

In v tip,  chlorophyllase has been shown to catalyse the 

removal of phytol from the chlorophylls and their pheophytiles, 
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but , .11stgtter and Stoll (1910) were able in vitro, to carry 

out both the splitting of phytol from chlorophyll, and the 

back reaction of attachini, ni*tol to chlorophyllide with 

the formation of chlorophyll. ?hytylation of chlorophyllide 

and pheophorbide in vitro, has also been achieved by 

Alimizu and Tamaki (1963), using a purified preparation of 

tobacco leaf chlorophyllase and added phytol. 

The above observations suggest that the normal function 

of chlorophyllase may be the attchment of the phytol side-

chain to chlorophyllide (also see Bogorad, 1965b e). As 

reported by Ardao and Vennesland (1960), it is only after 

chlorophyll has been removed from the lipoprotein (with 

which it is normally closely associated in the chioroplast), 

that it can be hydrolysed by chlorophyilase. So though it is 

possible to deonstrate the 'hydrolytic action' of chloro-

phyllase by separating the substrate from lipoprotein 

organic solvents (as is usually done in ILILIL2 

the in vivo function of the enzyme ,:d -ht; not necessarily be 

a degradative one. 

It is nevertheless clear, that the enzyme can catalyse 

both hydrolysis and euterification4 and by manipulating the 

reacting system, the net accumulation of either chlorophyll 

or chlorophyllide can be effected. (Bogorad, 1965c, 1966b). 

So that though indirect evidence favours assigning chloro-

phyllase a synthetic, and not a del-adative role (Bogorad 1965c), 



the normal role of the enzyme in piwIts has not been 

conclusively elucidated. It is not e:yen certain that 

chlorophyllase is involved. In the illviv9 chlorophyll 

synthetic pathway at all, for according to Cramick (1967), 

"the mechanism of phytylation is probably via' phytol 

pyrophosphate rather than by the hydrophytic enzyme, 

chlorophyllase". 

Thus the results of chlorophyllase activity in 

Peperomia and other plants reported in this study may not 

reflect chlorophyll breakdown rates in these plants. The 

results show no significant effect of light intensity on 

chlorophyllsze activity in Peperovik and Chlorophytum 

(Table 6), nor do they show any definite correlation 

between st›,n4Les in chlorophyllase activity in and 

greening. In Chlorophytum where light Intensity doses not 

seem to affect chlorophyllase activity, the outer portions 

of the yellow parts (.44 tea,v_ gsted leaves greened at 

low light intcnsity, while the yellow tissue alone the midrib 

still remained yellow, i.e.k parts of the leaf greened at 

.low light intensity). 

In Peperomia, Hedera, a"llonyms and Veronica, though 

light intensity affects chlorophylimee activity (as shown 

by the effect of darkneua), no definite correlation between 

this effect of light on chlorophyllase activity and the 

ability (or lack of ability) of these plants to green at 



• 71 • 

low light intensity was found.' Hedera and Veronica show 

slight greening, while no evidence of greening has yet been 

found in iuonymust. at low light intensities,- 3n the other 

hand,' Peperoxia shows marked greenir.g at low. light intensities. 

Since variegation in different plants night not be due 

to the same defect, even if chlorophylleae activity were 

onsible for producing yellow tissue in some of the 

czrnre plants, it would not necessarily have been the cause 

in all of them. 

seen that there 

activity of the 

mentianed. The 

But from the above discussion, it can be 

ie efinite correlation between the 

enzyme and variegation in any of the plaata 

one positive conelesion which emerges is 

that chlorophyllase activity ineveasea from dark to light 

conditi'Drui in aout of the varl_ated leaves used here. Once 

.he slants are in light, changes in the activity of the 

enzyme appear to he controlled by factors other than l ghat 

intensity. 

Microeco:Jical examination of the chioraplast suspentions 

uaud for the bleaching experiments showed a few smell starch 

grains in the preparations from green tissue, Apart from 

the starch grains, green tissue also conta-ins more chloroplast 

material pc--r unit leaf-erea than greened-yellow leaves. Thus 

since fresh-weight/unit leaf-area is higher in green than 

in yellow leaves, the difference in solid material content 

in green lead' suspensions and suspensions from yellow leaves 

would be higher in preparations made on leaf-area basis than 
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in those prepared equel leafeweights. This meanie that 

light scattering effect due to sueper ed. particles in the 

chloreplast preparations will be higher in the bleaching 

e rteents carried out on leaf-area basis. Such an 

e'feet (by increasing optical density), will lower the 

rate of bleaching in green tissue, and should be more 

pronounced in the lea -area experiments. 

The results in Fig. 21 a and b however suggest that 

light scattering effect is not of sufficient magnitude to 

obscure the effect of bleaching. These results from the 

two tyes of chloroplast suspensions, as well as those 

from thole leaves (Pig. 22), all snow that bleaching is not 

faster in yellow leaf-tissues. eleachl s therefore not 

the factor directly responsible for preventing chlorophyll 

accumulation in the chloroplasts of yellow Peperomia leaves. 

3ut, as hue been pointed out above for chlorophy2lase 

ac ty, t can prevent greening in tissues with a lesie 

ehich mar .e  eeducee the rate of chlorophyll formation. 

It has ueen established (at least in terms of bleaching), 

that chlorophyll degradation cannot be the direct cause of 

variegation in Peperomia leaves, if some Peperomia leaf'-

tissues appear yellow above 200 ft-c, then unless no 

chlorophyl]. is Forted in them at all at hi;zhlight intensity 

(and this is not likely - see page 36), it mist necessarily 
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mean that the rate of chlorophyll synthealw in these 

tissues is t.)4o low to cope with chloro2hyll degradation 

atlight intensities of over 200 ft-c. An attempt has 

been wade to test the above hypothesis by trying to determine 

the rate of chlorophyll formation in e-reen and yellow 

eperomia leaf-tissues. This is reLoorted in the next Section. 



ECTIO7 V 

CZT IT L818 I74 I 3 C. 713 

aum 

• 

Leaf disc incubation 

latraction of lubelled com2ounds 

from leaf discs 

(c) Determination of 14C in extracted 

leaf fractions 

76 

76 

, Chromatography of ::)etroleum ether 

fractions 79 

(e) Chromatography of aeet*ne fractions 79 

(f) Chromatograr!hy of porphyrins 79 

3. aksula7, Li 

4. b5 



- 74

1. 

It *trzio been shom in. Section II th .. if light intensity 

is ,riot too hiLh, Pepe.roiaiu. can accumulate chin .c 

phyll.s. It h 1, also  been shown in Li faction IV that 01-..;.IoroDkv1.1 

de4,.,rae...ition is not faLitr in the yellow than in the Lreen 

leves. Thus, slnee Ll-eeninc. can be induced in yellow i-'epero..- 

m3 a lertres tit low light intensitis, there roast be a mechm. 

omism slowitk, down chlorophyll s,ynthesis lefyiies 

t hid,.,. intensities. It is also likely howevca,, that 

the ra?;.e of chlorophyll synthesis in yellow leaves is not 

twAzt:edly different Lzt hi &h. ond low licht intensities, but 

that (as just pointed out on page 72), it is too low to aaite 

chlorophyll .ccumulation V.t, high licht intensities possible. 

It vitas in en etteL1Qt to elucidate this control [mechanism 

that the work described in this :section, involving the use 

of radioactive ;;:lycizie, was unclertsken. 

From known metabolic reaction 

rolevant to the :resent studies can be summarized 

in Fig. 23. it is clear thz,..t by using labelled 

it is not only possible to follow chloropY4711 synths: is, but 

also to establish correlations between chlorw hyll bio-

synthesis and other metabolic reactions, such Ls ta.ight help 

to speculate on the meclianiom and. localization of contrli 

of chlorophyll synthesis in Pepeliolaia _Leaves, Thus 6lytine 

uscd instead of substrates such as acetate, TG.A. cycle 

acids, and : ,)ropienic acid vrhich have been used by other 

workers in studies of ,orphyrin biosynthesis. Besides, 

several wollmrs (see 7,OgOratit  1965de rIrk3, Loncelles, 19C443,), 
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have shown that a very important step at which chlorophyll 

synthesis can be controlled is the succinyl-Co!!---D-ALA 

reaction, catalysed by the enzyme kLA synthetase. This 

means that results obtained by using labelled ALA or some 

other later chlorophyll intermediates (and thereby eliminatif 

the above control mechanism, if it operates in Peperomia 

leaves), will not give a true measure of the normal rate 

of chlorophyll synthesis in Peperomia lea es. -Hence the 

choice of glycine as the labelled substrate for the radio-

active work. 

It has been established that while the cartoxylEaPcarbon 

of glycine can be utilized in protoporphyrin synthesis in 

(Della Rosa, Altman & )alomon, 1953), it 

does not participate in the biosynthesis of protoporphyrin 

in mawmalian tissues and avian red blood-vells. (Grinsteinl

amen & Moore, 1949) ?hecK-carbon of glycine, on the other 

haaad has been shown to be utiizec in both plant and animal 

tissues in the formation of protoporphyrin, the tetrapyrrele 

nucleus of chlorophyll anrj haem. Glycine-2- was therefore 

used in all the radioactive work reported in this thesis. 

From previous axperi-ants (page 33), cultured L eperomia 

leaf discs were found to root only if the discs were put in 

the semiaisolid agar culture with the abaxial aide up (i.e. 

lower side up), Preliminary experiments also shoved that 

the incorporation of labelled glycine into these discs 
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activity in the patrols ether and 

acetone fractions), was hither if the, diace were incubate. 

with the lower side up, Because of thecae obaervatiems the 

leaf discs were incubated upside-down. 

30 leaf discs (7 mm, diameter) were incubated on filter 

paper in a petri dish coataininL .hite'a (1943) solution, 

1 ee.crose and glycine-2-14 C in a total volume of 3 ml. 

The discs were cut from terminal leaves and were sorted out 

such that each of the petri dishes used in an experiment 

contained about equal numbers of diecs from each of the 

leaves used, thus eliminating differences introduced by 

usini; different leaf—samples. incubation was done for 24 

hc4rs at 25 C; with 5)ule, or 2.5)4c. ,61ycine-2-14C, and all 

light incubation was at 20 ft-c and in light regimes 

mentioned in the results. 

(b) 4xtractipn; of lopeki.d comv>unds fkoa {e s9' scs 

fter the incubation period, the 30 discs from each 

petri di6h were transferred into a small beae.er and cluickly 

washed about six times with water. 'hey -ere ti en thoroughly 

ground in cold 85"! acetone plus 0.2 ml. ammonium hydroxide 

(sp. gr, 0.880), and filtered in a 3uchner funnel, a total 



or 30 ml. of acetone being used for eeoh extraction. The 

filtrate was transferred into a separating funnel containing 

10 ml petroleum ether (60- 8O°C) and gently washed with 

water. The acetone layer was emptied out into a 50 mi. 

measuring cylinder and the petroleum ether fraction wished 

twice more, the water layer from each washing being added 

to the acetone layer. 

The petroleum ether layer was then transferred frog the 

separatin.g funnel into a small cimen tube and evaporated 

to dryness under vacuum. It was then diaeolved in 1 ml. 

petroleum ether (600- 00°C) in the covered specimen tube 

and four 0.2 ml—samples measured out into separate specimen 

tUbes. 

The acetone fraction was made up to 50 mi. with acetone 

and four 10 ml-samples were measured out into separate 

specimen tubes and evaporated to about 2 ml. over a water

bath. The four samples were then evaporated to dryness undr 

vacuum. (This procedure was necessary because of spilling 

of the acetone fraction if this water-acetone solution was 

directly evaporated under vacuum.) 

The acetone-insoluble leaf residue left after filtration 

Was transfe:red into a 50 ml. c uickfit round-bottomed flask 

and hydrolysed under ref lux, in 1O ml 6 N hydrochloric acid 

aver • send,-bath for about 214 hours. The resulting protein 

hydrolysates were filtered (using a Abatman No. 50 filter 
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poper)p wzahed with about 30 ml. water and made up to a 

final volume of 50 ml. Three 5 ml-samples were measured 

out into specimen tubes and evaported to dryneaa under 

WROUMM6 Each sample sa  dissolved in 1 ml. 9 alcohol 

and 0.5 ml. of it measured out into another specimen tube. 

A summary of the above extraction procedure is shown 

24. 

(c) Pvtermilvt4' 

Two protein hydrolyeate samples, and two samples each 

from the acetone and petroleum ether fractions were spotted 

on 4 cm. strips of Whatman No. 1 filter paper and. the total 

radioactivity in each spot determined as counts/100. secs. 

using an I.D.L. Chromatogram Scanner in conjunction. with 

an 1.D. S. Programme and Read-out unit, and Scaler 

1700 and an Addo-X print-out unit, so that the counts ,he.re 

recorded directly. he efficiency of the scunner was about 

5,. roc the averatA counts/10O sees. of the 2 determinstims, 

os tamed. by adding up the counts from each spot (less the 

background counts), the total activity/33 leaf—discs, in 

ouch of the 3 fractions was calculated. 

`the activity in the varioas compounds in the petroleum 

ether and acetone fractions was similarly determined after 

paper chromatographic separation of the compounds in each of 

the two remaining samples from each fraction. The chromatograms 



were cut into stripe 4 cm, wide, and the counta/100 secs 

for every 4 inch of each strip determined as already 

described, A plot of counts against distance revealed 

peaks of radioactivity along the length of the chromatogram. 

(d) Chromatography of petroleum ether fractions was done 

as already described for chloroplaat pigments in General 

Methods (page 25). 

(e) Chroplat9ARapnar of acetqqe,rractiorm 

This was carried out according to the method described 

by Gordon and leastoe (1964). ater, nabutanol and glacial 

acetic acid (1:1:0.11) were shaken together and allowed to 

separate into two layers. The lower layer was used for 

saturating the chromatography chamber and the upper layer 

for development. The sumplen were spotted on Whatman No. 1 

paper, 23 x 26 cm; the paper was stapled together at the over-

lap, and after saturation in the chamber, it was developed 

ascendin6 t, )a 220C 241k; for about 7 hours. 

(f) 

Using their red fluorescence in ultrawviolet light, 

the pore rins from the eacetoneefraction chromatograms' 

were cut off and eluted acetone. The method used 

here was that of Chu et 1l, (1951), The acetone solution 



was concentrated by evaporation and ootted on 

paper 12.5 x 14.5 cm, the paper stapled into a cylinder 

and equilibrated in a chromatography ch!imber saturated with 

chloroform. Development at 24cC 2°C, was Aith 4 ml. 

kerosene and 2.6 ml. Chloroform, and it continued until 

the solvent-front was about .12 can. from the basal line 

(about 30 mins.). The paper was taken out, and after allowing 

to drain for a few seconds and marking the solvent-front by.

pencil, it was vied. between 105°- 110°C for about 5 mine. 

and then, cooled, to room temperature. It was ten equili-

brated in a secc;nd chamber satupated, with kerosene, and 

developed (in the same direction as before), with a mixture 

of 5 ml. kerosene and 1 ml. iso-propyl alcohol. The paper 

was with  from this chamber when the developing medium 

ascended to the same front as in the first chamber, and 

was again dried. 

The chloroform used here was washed r times over water 

and dried over calcium chloride, and. the kerosene redistilled 

fro; commercial paraffin between 1900 and 250 C. 
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REOUltes 

'he results of incubating Peperomia leaf discs in 3 mi. 

edia containing 2.5 or 5 fie glyeine-2-14C at 20 ft-c are 

shown in Table 7 and Fig. 4. Bach medium in a petri dish 

contained 30 leaf discs. he aim of this al experiment' 

and some preliminary experiments done earlier, was to find 

out what compounds would become labelled. It was also to 

determine what activity of glycine-2- Cip incubated for 

what period, would.Iirovide high enough labelling in the 

various leaf fractions, to mike a comp rison of the 

of ilorophyll synthesis in green and yellow leaf discs 

feasible. 

Though the incorporation of glyeine-2-

ehloroplaat pigments (petroleum ether fraction) reached a 

maximum in about 6 hours, an incubation period of 2L hours 

was used in the radioactive experiments. This was because 

while activity in these compounds was about the same after 

6 hours as after 24 hours incubation, the latter period was 

found to be more convenient - since c anes in the activity 

of other labelled metabolites lixe .0 acids and proteins 

were not being investigated, results from 24 hours incubation 

should provide as reliable data for comparing the rate of 
labelling of chloroplast pigments in green and yellow leaves, 

as results from 6 hours incubation. 

An incubation medium containing 2.5 pc labelled glycine in, 
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3 ml. of solution was found to provide high enough activity 

in the various leaf fractions. Incubation in media with 

twice the above specific activity (5 pc/3 ml) increased the 

activity in the petroleum ether fractions, but did not 

produce a significant increase in labelled chlorophylls. 

The incubation medium was prepared from 100 pre glycine-2-
14
C 

with specific activity of 287;4c/mg. 

Table 7 shows very high labelling of the protein 

fractions. The petroleum ether fractions (which contain 

the chloroplast pigments) show comparatively little activity, 

and the greater part of this (over 8O%), was in a yellow 

spot. From its position at the solvent-front on a 

chromatogram of the petroleum ether fraction (c in Fig. 7) 

and from its absorption spectrum (Fig. 8), the yellow spot 

must be carotene. The labelling of the chlorophylls present 

in this fraction was barely above background level. 

Chromatography of the acetone fractions from the leaf—disc 

extracts in the trial experiment (Fig. 25) shows peaks of 

activity which have been identified as follows. 

The acetone fraction should contain amino acids, and the 

early precursors in chlorophyll biosynthesis. From Fig. 29 

(discussion on page 87) aspartate and glutamate are two amino 

acids which will be readily labelled in the discs incubated 

in glycine-2-1 C. ALA, the first identifiable porphyrin 

precursor miLht also be labelled; and there should be some 



Fig. 26. 

Chromatography of amino acid and ALA markers, 

(or - origin; Sf - Solvent front;,Gly - L-glycine 

Asp - L-aspartic acid; Glu L-glutamic acid; 

ALA •• ALA-hydrochloride), 

Berlin te  al (1956), using butanol—water-'acetic 

acid bas developing medium, had the following Rf 

values: Glycine — 0.13, ALA — 0.23, PBG 0.48, 

From their Rf values (shown below), relative to 

those of the markers (Fig. 26), the peaks in the 

chromatograms of acetone fractions from incubated 

Peperomia leaf discs (see Fig, 25), were tenta-

tively identified as follows: 

Amino 
I OP 

ACids 

Gly 

Asp 

- 0.06 

- 0.04 

- 0.08 

0405 

Glu - 0.08 - 0.1 

SI ALA - 0.2 - 0.3 

- 0.5 - 0,6 



NOM lio m•••• Immo% amm. am. won el•• *MOW •NI•MM, IM•MEW al.• OMNI. .=EMO •Miiiila •INIIMM - -sf 

A LA 

a Glu 

0+ 



free (not metabolized) labelled glycine too. 

of the above amino acids and ALA, using t.

VOMOtOgri 

solvent 

system: and development conditions as e re used .,,eove tin the 

chromatography of the :Acetone leaf-extracts ), is shown in 

Pig. 26. Rrom the values of these markers, the first 

peaiL (J_) in 716. 25 cost proba'ely represents the ectivity 

in the casino acids (mainly glycine, asprtote and glutamete), 

the second near (II, correspondini, to the activity in ALi. 

From their positions of the chromatogram (i.e. from 

their itf velees) and from their red fluorescence in altre-

violet the other peaks ere strongly euspec.%e to 

be )B4G and porphyrins. ChromatoLraphy of the eluote from 

the spots designated prophyrins (27„' in Fig. 25, cut out in 

ultra-violet light), shoe pea,es of activity with :ef veluee 

very close to those of uroporphyrin, coproporphyrin eine 

protoporehyrin Ix. (see Fig. 27). Thus the pe;tk labelled 

IV in Fig. 25, is most probably msc'e up of porphyrins 

involved in chlorophyll formation (ur000rphyrinogen 

coproporphyrinogen, the redueed products of uroporphyrin 

and copropor)hyrin respectively, as well as protoporphyrin 

VA, are ail involved in chlorophyll synthesis). 

To sum u;) the above identifieetion of labeiled co;apounZe, 

chromatography of the acetone leaf-extracts (Fib. 25), cross-

checked by the se of markers say;- ed tht glycine, es7ertote, 
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glutamate and ALA were all labelled. The identity of other 

labelled amino acids was not investigated, nor was the • 

identity of the spot in the above chromatogram designated 

HBO confirmed by a marker (no PBG .was easily available). 

Chromatography of the elute of the porphyrin spot showed 

that glycine-2-1 C was probably incorporated into some 

porphyrins in the chlorophyll ynthesia pathway (Fig. 27).-

Thus, though the identity of the labelled compounds mentioned 

above (especially P30) is not beyond question, there is some 

evidence to suggest the incorporation of labelled 

into some chlorophyll precursors. 

Activity in the acetone fraction after 24 hour light 

incubation -of green and yellow leaf discs in lebelled glycine 

is shown.in-Table 8. This shows that the total incorporation 

of glycine-2-1 C into ALA, 'PBG' and porphyrins (identified 

as above) i s higher in green than in yellow leaves (by about 

601). Incubation in 24 hours continuous darknees ohows an 

even higher incorporation of labelled glycine into the above 

compounds in green than in yellow leaves (by ovei- 100%). 
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ee DIeCljeeIe

The radioaetive experiments show thet while there is 

very high incorporation of glycine-2- T.; into proteins, 

there is cowparatively litele labellinE of chloroeleet 

pig yenta foresee in Peperoii  leaves. The cTeeter poeeortion 

of the labelling the petroleum ether le /i° extracts ehich 

contain tilt :tee -Let Bents, is confined to a yellow terpenoid 

spot (carotene). Because hardly any labelling mas faun 4 in 

the chlorophylls, the total activity in the 'chlorophyll 

intermediates' (h1J\, 'PYV and porphyrins, identifie0 by 

methods alreedy deecribed) has been used es a probable 

eleasure of the amount of chlorophyll eyntheeized in ?eperoni€a 

lezvee. In terms of these 'chlorophyll precursors' chloro-

phyll synthesis is faoter in green than in yellow leaves. 

The reasons for usin, labelled glycine ineteed of other 

substrates used by other workers in studies of tetraphyrrole 

bloaynthesia have been given on leaee 74. But since the 

lebellin8 of ehe chloeophyll molecule could not be achieved 

by using labeiled glycine as the source of labelled carbon, 

it might be North while trying other labelled substratee 

(such as ₹hose mentioned on page 74). If such attempte ere 

able to produce high labelling of chlorophylls in Peperoule 

leaf tissues, then the rate of chlorophyll synthesis cm be 

more dirk.ctly measurea. 

The incubatien of Peperomia leaf diecs in Elyeine-2-14C 
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has been she .:14 •,c) r,..,:t3ult in the laollinc of a yello-

terpenola comoounfi(s). Alucidatian of the pathway by ,:hich 

the incorporzati.= of clycine into terpenol6s proceeris, secis 

to sueest that Ileromiz; has certLiin em,ymes w-hick 

ad. l enable It to uarry out wr c Cr', fixation. This 

indication, discusz,ed with respect to the leaf 37,s tel,i

used for the radioactive work, appears to provi6e 1. plausible 

explanation for the almost chivlete lacyf. of labellic of 

chlorophylls r(*ortee above. 

The "biolocic0. isoprene unit" (from -7hich terpenoide 

are formed) is isosentenyl pyrophosphate (1PP), and the main 

buildirk. unit from ;Odell 'PE' is synthesized is z,.cetyl—Co! 

tAood,in, 196 ), '2he fiv6t stet', which is specific for 

teri,enoid sz,rnthesic is the formotion of mevalonic 

which represerri.0 `p,oint of ho return" because it 

zotabollQ f-uture ot,lecr than bei.tv convet'L.7,11 i s to terpot,,,,)iaa 

(kopj air;. k;ors-4for 

Avetyl,.L;0i, 

---> Varna syl py rophosohate .—>" 'erverioi as 

It is cle,lir from the vbove pathway that the incorpomt1H'n of 

14C from elyeine-2-1 into terpenolc:,:: be explainer!. by 
4. C 

zichanism b which the carbon isotol)e can enter the 

aceetyl-CoA molecule, 1.) possible path ay is sho;:n rt6, 

Accordin to thio scheme, labelled L-lytimJ: cn chance into 

labelle6 ;ylyoxylic acid by transamination or oxidutive 



2C 'T 
CXW) Palm acid (corresponding 

1 4  transamlnati,)11  I -F to keto-acid involved in 
COOll )40011 trenc3mination) 

(027eine-2-14C) (Clwoxylic acid, 

CliCO.Cok 

COOII•Cx" .CH2•COOII + CoA 

(malie acid) 

-2[H] 

COOH.Cx0.CH2
.COOR 

(oxaloacetic acid) 

- CO
2 

GOOH.Cx0.CE 

(pyruvic acid) 

CoA 

acids------CH3.C26.coA (labelled) (labelled) 
(acetyl-CoA) 

14 14 orptiQn of id froLa G 

into torpenoidu (CX = 14c 



jeaminatica irlsoh, 'The ozylic r,,:kot with 

.cetyl-w to pile tJ labeiied lalic aciu -be &n6 

rhoerg, 19j7), whien can De oxiaized oxnloacetie aciC 

(OA'.). Some of this labelled OAA c Y be dedurboxylatec! in the 

rt!sonce of ;'4TP to give PZ,P (Whittingtiam, 1964), while part of 

it c ontinue's the TCA cycle. The 1010 can then oe converts. d y 

the MP + :,thlamy, through oyruvate into coetyl-COA. Prom u. Lis 

1. 6011!.ed Acetyl-oA, labelled terpenoida formed. 

If trio , .a:bei,: iui of terpeaoide proceeus by the ')o,tilm 

above, thea it me4as h. t s Peper;pmia leaves late 

ylltileVAze activity, in aCidition to noseszing an enz,:ime vjztem 

for converting malate or OAA into pyravate. It also me,aaz c,n-t 

'uvic acir, az well az all fAcide ia the TQA become. 

14 v4ien P000roia le it' ais—a are incubated ia vedne-- 

;1-2'J. The dossezion .o.J: the above enzyme system may 

c2eromla lerlipus to carry out the clarf:-L j. 2':tion o2 

20o.i,„ in ucculont olants ("erassulacean or succulent 

- Bennet-Clark, 1933). 

Peperomia CAOWS ro 
 Yes of ceulant plant oge 9 

thut4 u.n6er norwl condltien20 there must be 

tool WA. 1:„.,beous ezeitnge, In tt' Inve ations 

in this t 

,;()Vt;;V I

•*n the Giscs. 

cut Peperria were 

vin6 the timperme,able 

the ox en content 

increaoe in ax.d.on teneiAl •pro'w.ibi• exi:tiainz 

little 14bellia ' -1t1 in tilt. 
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she op on or synch a control mechanics in Peperomie 

leaves is highly plausible. eoleen-Baztre et al. (1957) 

have reported that in the non-sulphur purple bacteria 

(AthlorhoCaceae), syntheaea of chlorophyll cad carotenolds 

appear to be linked a nd ere affected by both light and 

oxygen tension* 7nder anaerobic conditiona, increase of 

light intensity causes an immediate auppreasion of gment 

synthesis while eecrease of light intensity immediet.ely 

accelerates piggy ent synthesis. Under aerobic conditions, 

on the other hand, pigment synthesis is permanently and 

almost completely suppreseed et atmospheric oxygen tension, 

only carotenoid synthesis containing, at an extremely low 

rate. 

it has been reported in rection II that greening in 

intact yellow ?eperoaia leaves taken place at low light 

intensities. (Under such conditions, though not completely 

anaerobic, it Peperomis in fact carried out succulent 

metabolism, oxygen tension eill be very low in the leaves). 

Decrease in chlorophyll content with increase in oxygen upteke 

in Peperomia leaves has also been reported in Section III (see 

Table 5). In the racloective experielents too, where cut-discs 

of Peperomia leaven were incubated in glycine.2-ThC, higher 

levels of activity wee found in terpenoids relative to 

chlorophylls. 4inee all the above reaulte frem the prevent 

investigations are in very close agreement with the foregoLn

report of Cohen.riazire et al., it appears reasonable to 
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auggest that it could be the increase in oxygen tension, 

the result of cutt,ing o-t leaf discs, which au- reseed the 

incorporation of labelled glycine into chlorept4;,118. 

It is clear from the above discussior thit the radio-

active vorx reported in this Lection could not provide a 

direct measure of the rate of chlorophyll synthesis in green 

and yellow romia raves. One molecule of chlorophyll 

contains 8(g-carbon toms from glycine. It w therefore 

expected that incubatlon of eperomia leaf discs in 

1; 
glycine-2- IO Auld reeelt in high lebeliing of ehlorophAls. 

But from ;he result of the experiments, very 11 tle labelling 

of chlorophylls occurred. 

The above discussion of the worK of Cohen-iiasire pt al 

in reiation to some of the results from the work reported in 

this thesis suggeats (as already mentioned), th;,t, a possible 

explanation for this unexp,.;cted result could be high oxygen 

tension in the leaf discs. rlurther work is necessery to 

assess the validity of this hypothesis. A possible approach 

will be to repeat the radioactive experiments using intact 

leaves instead of leaf discs, or to incubate leaf discs in 

varying concentretions of oxygen. If high labelling 

could be acilleved then rates of the synthesis and deeradation 

,,ewerola leaves might be directly measurable by s sort 

term experiments. 
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It has been shown in this thesis that both green and 

yellow Peperomia leaf tissues can synthesize photosynthetic 

pigments and that their dif.feent appearance is the result 

of different relative ratios of the pigments they form. Both 

yellow and normal green leaves start of:C yellow, and they 

both show some greening in two to three weeks, whether they 

are kept at high or low light intensities. But while 

chlorophyll accumulation continues in normal green leaves 

at nigh or low light intensities, chlorophyll accumulation 

continues in yellow tissues only at low light intenities. 

It thus appeara that yellow tissue is capable of 

accumulating chlorophyll, but that after about three eeeksr

this capacity is affected by light intensity (i.e., 1116h 

light intensity decreases the ...ate, and vice versa). 

Accumulatien of chlorophyll in any tissue Is a 'balance 

between syntheais and degeadationt and it has been shown in 

both green and yellow tissue at high light intensity, the 

degradation proceeds at about the same high rate. In terns 

of total hiorophyll prvcsrsorr ' formed (at low light 

intensity where yellow sue can accumulate chlorophyll), 

the rate of chlorophyll syllthesis is hivher.in green than 

in yellow tissue. Thus if the above provides a reliable 

measuce of chlorophyll formation in reperomia le vas, then 

at high light intensity, while the rate of chlorophyll 

synthesis is high enough to make pigment accumulation 



possible in green tissue, the rate of chlorophyll synthesis 

is too low in the yellow tissue compared with ti e hiEh 

breakdown rate, to permit chlorophyll accumulation. 

;411 attempt to find out if chlorophyllase 'ivity waa 

responsible for variegation in Pepe a leaves ahowed that 

the activity of the enzyna, ivrivicvo was probably concerned., 

not with chlorophyll deb radation. but with chlorophyll 

synthesis. Young Pepevomia leaves which have been found. to 

be the first to green on a shoot were found to show higher 

chlorophyllase activity than older leaves. Thus since the 

activity of the enzyme was found to be hiOler in green than 

in yellow leaves, it is possible that chlorophyllsse activity 

mught be a factor controlling chlorophyll content in Peperomla 

leaves, inereRse in activity resulting in high rate of 

chlorophyll formation, rather than an increase in the rate 

of chlorophyll degradation. 

An attempt to determine the .relative rates of chlorophyll 

synthesis in green and yellow Peperomia leaves was not 

successful i.e. it was not possible to get a direct measure 

of the synthetic rate in terms of the incorporation of 14C 

into chlorophylls. 3ut using total activity in compounds 

separated by one-directional chromatograp4, chlorophyll 

formation is at least ii times faster in green leaves. 

3ut in view of the very low chlorophyll content of 

yellow leaves and the rather high rate of bleaching(compared 

with bleaching in green leaves), the normal rate of 
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chlorophyll foraation might be lo-,,er in the yellow, or 

higher in the Lreen leavesI than was suggested by the indirect 

method used to determine it. But whether it is lower in 

yellow or higher in green leaves, it appears that the 

chlorophylls formed in the yellow leeves break down too fast 

at high light intensities to make their accumulation possible. 

Greening of yellow Peperomie tissue at low lieht intensity 

might therefore be the result of decreased bleaching. 

The ehloroplasts of ereened—yellow Peperomia leaves have 

been found not to become as fully differentiated as those of 

normal green tissue even though the chlorophyll they form 

has been shown to be photosynthetic. It is thus possible 

that the lesion in the yellow tissue also affects chloroplast 

differentiation. This means that the defect either directly 

affects both cnioroplast differentiation and rate of 

chlorophyll synthesis, or indirectly affects one of these 

two processes through its effect on the other. 

"Restriction of porphyrin metabolism in higher plants 

through pltestid development is illustrated by studies on 

barley mutants albiri 7 and xanthe 23 which have only partially 

developed plastids. Seedlings of thecae varieties produce 

normal amounts of pigment when supplied aspartate or leucine, 

respectively (Nrikeson et al., 1961). These observations 

also illustrate the interaction between cellular activity 

controlled by nuclear genes, leucine metaboliom, end 
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plastid development with attendant chi orophyll synthesis" 

(Bogorad 1965,). In other words chloroplaets are sensitive 

indicators of the stets of health of the plant ce and 

some mutations which act primarily on cellular processee 

other than those bel=onging specifically to the chloroplast, 

affect chloroplast formation Kirk et Tiiney- eV., 1967d). 

Another example of nuclear control of plastid nutrition 

is a recessive character found in maize (Bell g/i tiv 1,962). 

In such mineral deficiency chloroais it is generally not 

clear whether the prima;iy effect is directly on the pro-

duction of an enzyme of porphyrin synthesis, or upon plaJtid 

developlaent in general. 

Studies on the induction of complete chloroplast 

differentiatiol) in yellow Peperomia leaf-tissues and/or 

identification or characterization of their leaf proteins 

might help to resolve the nautre of the defect occurring in 

these leaves. Per such and other studies, pure or uniform 

tic,sue would be invaluable. Pn ideal mati‘rial will be callus 

tissue, but since this has proved very difficult to induce 

in Peperomia leaves, the establishment of leaf ,Ases in 

sterile culture appears to be the only resort. Studies 

concerned Kith chances which take pl:-Lce over short periods 

can be done using leaf discs because they can be easily kept 

sterile for a week, and some, even for periods of two to 

three weeks. 



t3 r useful and more direct Iliethod of approach can 

be su6geated for future work. it lemical, nutritional or 

other environmental conditions which can induce the develop... 

ment of normal plastids in yellow tisue can be fLTend, this 

might also throw acme 1 Al on the problem of control of 

chloroplast differentiation. since greened-yellow z e aerowia. 

leaves show incomplete plastid development. such et' 

might also help to explain the mechanism controlling 

chlrophyll synthesie in Pegeromia leaves. 



'Peperomia plant' which might be suitable for future 

study of chloroelaet diffeventiation is described here. 

An intereatir roblem eta h came out during the course of 

the work has ale° been outlined. 

in the tissue-culture experiments, 30Me yellow eperomia 

leaf disco were maintained in sterile culture long enough 

for them to green. Theae discs greened whether they were 

placed €in the semi-solid media with their adaxiel or their 

bsxial surface upwards. 3ut adventitious route which weee 

found to be produced by these greening discs only occurred 

if the leaf discs were placed up-side down (i.e., abaxiel 

surface up). When some of there rooted, greened, yellow 

discs were transferred, into soil in pots maintained in the 

roof light cabinet at about 300 ft-c, they produced new 

shoots. 

The levee of these 'new plants' started off yellow 

and behaved, like the leaves of normal green plante in greening 

at the above light intensity. But unlike normal green plants, 

their green leaves later became  more severely bleached. 

(Fig. 30) Chlorop eat development can he studied in these 

'new plants' and if normal plastid formation is found to be 

possible here, then thew) 'new plants' will be ideal for 

studies on the control of chloroplast differentiation and 

possibly also on the control of chlorophyll synthesis in 

Peperomia leaves. 



Fig. 30 Peperomia plant developed from 

yellow leaf disc. 
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I. feature which needs further investigation in k'eperemle 

tissue is the dark CO2 fi;:ation, found in succulent pianos. 

Peperomia has thick fleshy stems, leaves and spikes, and 

shows a number of features characteristic of succulent plants. 

Like such plants, whose leaves possess only a very 

number of stowata or have very limiter l surface urea(zoby, 

Peperoviia leaves 'nave no stomata at ail on the upper surfsce. 

eucculent plants are able to survive dry perioete becaase 

of the relatively large quantities of water which they accuul-

late in their fleshy stems or le eves. They ero, maini , in 

arid soils are; in a tropical or subtroeieal climate (eoby, 

1965a). The leaves of Peperomie have no palisade tissue; 

instee they shoe lure, parenchymatous ester-storinL cells. 

They can A.thstuari lont, periods of dessicction, and the 

Piperaceue (to which Peperomia belonLa), are mainly treeicLeL 

plants (°fondle, 1959). 

Beceuee of the reduced ijteeous exchanee in succulent 

plants (due to small numbers of stomata and the presence of 

a thick cuticle on the epidermis), "beth photosynthesis and 

respiration occur to a limited extent" (Tuohy 1965a). Photo-

synthetic and respiration rates in Peperomia leaves (meesured 

in leaf discs), are very low (',able 9). 

Iie families in vhich crassulacean metabolle4e het: been 

studied, do not seem to include the Piperacepe. They incluec 

the CrassulaceLe, the C€acLacesae, the euphorbiaceee, the 

Liliaceae, and i'.iziaceee, the Pmorylidaceae, the Asclepiadaceete, 



Material 
Rate of App. Photo 

2
(m1.0 /dm. /hr.) 

Rate of Respiration 

p1.02(100 mc,„fr.liftWhr.) 

1 

GreenPeperomia 
leaf diaca 

0.6 at 800 ft-c 19 at 300C 

2 

Lemon 
(Citrus 
limonia, 

3-5 at 113GO ft-c . 

Orange 
(Citrus 
inenals.1_ ,

Alfafa (a) 

(Medicag6 (b) 
eativa 

4-6 at 1.300 ft-c 

__, •.'•Wa...ea1.•n.l..nn0.1.I.e......RP 

Resting (seeds) 

7.:erminating (seeds) 

-

38 at 18°C 

106 at UY'C 

•••••.. 

Intact.
Zidney Bean 
(Phaseolus 
vulgaris) 

..o 
26-57 at 2b C 

Corn seedlinza 
(Lea mays) 15 at 18

o
C 

T ble 9. Photosynthetic and ResDirz-tion rates 
in Peperomia magnolitwefolia 

and other LnfAospermd. 

1, Determined in -arbuve late 9 
buffer solution 

2. In 1.5c: 0C2 in air, 

(Exuept for Peceromia, all values above 
are from Altman ee Dittmar. 1964). 
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the Begoniaceae and. the Gompositae. (Meyer 2:Lja," 196#b; 

Bonner, 1950), But from the close similarity in structure 

and habit between Peperom.ia and the succulent meMbers of 

the above families, it is very likely that Pepermia also 

shows crassulacean metabolism. (Succulent plants are a 

morphological, rather than a taxonomic group - Bonner, 1950). 

According to Ranson (1965), there is strong evidence 

that acid synthesis by succulent .Dlants (which accumulate 

malate) is through OAA produced, when PEP is carboxylated 

under the agency of PAP carboxylase. Activity of such an 

envoi ilyetem b b  ilessetysted in plants - in paraley 

root, in spinach leaves, in barley roct and in higher plant 

leaves (Gollob and Verzesland, 1947; Senduraeci and Greiner, 

1953; Doby, 1965b). As be been postulate A in Section V, 

the incorporation of 
1
40 from glycine-2- into terpenoids 

could be explained if decarboxylation of u-,!. or malate takes 

place in the incubated leaf discs. Allis Jeronia should 

possesses an enzyme system for the e,ecarboxylation of OAA or 

*elate and the reversal reaction necesaary for acid synthesis. 

Studies to find out if acid accumulation is possible in 

.eperomie leaves in the dark, and what these acids are, will 

bela to establish whether crassulacean acid metabolism occurs 

in the Piperaceae too, and in Pier in 

particular, 
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