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CHLOROPHYLL a

(Basic tetrapyrrole nucleus) (Ferrous protoporphyrind

Fige 1
Chemlcal structurse of related tetrapyrroles.
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tebreapyrrole blosynthesiss In plants, protogor

formation ¢an be shown 1o ocoeur in plastids ss well ss in
mitochondria, but 1t is not known whether only socoe. or all
the enszymes of the blesynthetic ghain to yy@%&gﬁﬁghg@iﬁ_ayﬁ

loealized in both of these bodles {Granick, 1963).

.' - .The steps belween profoporghyrin and protochlorophyliide
ere largely unknown (see Fig. 3). The avellsble information
sbout intermedliates hers has come mainly from the iscistion
of presused chlorophyll precursors scoumulated by zmutant
strains of algas and pholesynibetic baecteris which sre unable
to form chlorophyll. {Granick, ?%%ﬁhg‘mﬁaﬁallﬁa 196La ),
There ig however consldersble information sbounl the way in
ghich magnesium protoporphyrin mononethylester is formed,

The gpecific incerporsilion of gkﬁsf@fmaﬁ@ by Ohilorells inte
the methyl sster group of chlorophyil suggesied thal lormie
eeid wes en indirect precursor of the methoxyl group. (Gresn,
4ltman, Richmond snd Sslomon, 1957). This step hes zlec been
gtudled at an enzymic 3&?@1 {Gibson, Neuberger snd Talty, 1963 ).

Uagnesiua vinyl pheoporphyrin sg {Hgv?), also known a8
protoehiorophylilide @;.ﬁ% the next intermedlste after the
monomethylester: it hes besn found to ocour in 2 protein~bound
form in stioclated lsaves, and this comblnstlon of pignent
with protein hss been termed "holochrome” by Smith {(1963).
This HgVP=hologhrome ls probably the tras intermediale in

shiorophyil %yntﬁ@@is rather thsn the Fres pigaent,
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plante in which ¢hlorophylil is formed

O eXposure in varicpated lesves, under condibtlions

whieh ave Isvourable for chioyos pynthesis ln poue plastids,
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vut they can bs presered in variegated plants and thus
provide useful material for studlss lm plastid bloldgy.
Variegation in plants is the result of a variety of
esuses, virus infection, defective tissue such ss the
pecurrence of alr blisters bensath the epidermis (false
variégaﬁiﬁn} or mutaiion, whieh can be nuclear or cytoplasale,
True variegated plants show varying shades of colour in their
leaves or othepr organs, owing to varistions in the pigment

gontent of thelr different plastid types (Tilney-Bassett, 1962],

Plagtides can mutate and;, like the nuclel; are sell-
yr@y@gaﬁimg {(Baur, 1909). PFrom reciproeal erosses between
Pelargoniums with white and green layers, Bsur {1909} concluded
that during suceessive cell divisions, mutant and normal
plestids were sble to "soriecut? from a mixed zygote (derived
from bpiparental plastld transmittance), into cells containing
only normal or only mutant plastids, Sorting-ocut of defective
and normal plestide into tissue Jayers, leads to the formatiocn
of ﬂhimévaa {tissuea compomed of gemetically different ceolls ).

in some planis e.g.

Bumuius Jeponica, (Winge, 1913),
varlegation (sh;mara formation) is caused by ¢ytoplasmie
difference from normsl. But someitimes varistion in plastid
developnent (i.e. into ﬁafeetiva plastids or plastids with
ria_an

shlorophyll), is gene induced as in Luns nug {Correns,

1969}. fenes ¢en also cause plastid mutstion as in

g (Imei, 1928) rice (Pal

and Ramaxmjem, 1941),
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and meize (ihoadesy 1343. Such matent plestids are then
tranpml bted, ususily maternally, but swunetlmes biparentalliy
{as in Hepsis eabtsris = Fouds and mBuy, 1951, and in
pelergoniun = Tilneyeidasaedy, 19621, inﬁ&?aﬁﬁ@ﬁﬁly af the
nunleus. Thus o goane which causes mulatlon of plastids 1s

not necessary Top the reprodugtion of the mulant plastid

types Ocoasionslly as in Mirebllis jalaps (Correns, 1908

cere {Imal, 1%25} matation affects & who

and fordeun yud
growing point and henes the germ leyers.

Yhe fierst step in the origin of enlorophyll chismevus
is mutﬁtibm, orgd this must affect the plastid phenotype and
gt the game time ﬁéeuf in the germ laysrs, The prowing
point of the shoobl hes besn shown 1o be built up of thresw
gern layers {Ll, LII and LIIX) in most dleotyledonous
pilents sud dwo layers In most nonoeotyledonous plants, snd
these are superimposed one above the other like s serles of
cones Trom which the boly struciture of the plant is derived
{Tilney=tossett, 1962)s The paittern Pound in the leaf iz

o development of the paitiern slrealdy present at the growing

Buds fommed on true rools arise by growth fr@m tae
central tissue and thas grow into plants sxhiblting the
m;af@eﬁurg of the gcore tissue, {0 thst i plants from pocte
guttings differ from those fr&ﬁ sltem-cuttings of iths saue

plant, then the psrent plsnt is & periclinsl chimers, hesving




Tebae of Ursen Posperomia leafl,
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ok

suaow tissue and caloroplast
distrivbution.
- Unper epldiermis.

-~ Large water-siorayge cells,. _
{contain few scalbteret chloroplasts)

- Chlovenchyma L1lssue. {chloronlasts
coneencrated nere)

~ Lower mesophyll ©
{some chloroplast

- Ghomata,




eore Lissue genoltypleally different from the suter germ

leyer tissue {Tilnsy-Bassett, 1962). l.2. the different

tissues are srvenged in eoncentric lsyers. Ohimerss where

- the distinel tissues are arrvengsd in cross ssoiions, = inm
~the sections of 2 clyvele are Xoown e seotorizl chimevss i.e,

‘they have ssctorially divided growing pointe (Eirk and

Tilney=Basselt, 1967b).
Aecording to Darlingiton and Tilney=-Bessett (19564}, .

Le maznoliszelfolias 1s a While-overe=green perielinal

ghimeray {(this appears phenotypically ss ¥@11@W&@vgrmg?@@ﬂ}.
Trhie type of chimera struciure iz consisbtent with the Following
observations made while doing the work veported in this thesis,
Enatomiesl exaninetion of Peperomiaz leaves shows no
palissde eells, but the mezophyll tlssue is differentiated

into thrse distinet reglons. There is sn upper mesophyll

tissue made up of larce water-storage cells, and e lower

mesophyll tlssus of compearstively smeller cells, Ssparating
these two tissues iz & fﬁgiﬂﬁ ol very smeii oells which is
green in greaen leaves, but colourless in yﬁilﬁw lesves. The
upps?r and lower mssophyll tissues eontain s few scstiered
ghloroplasis, meny more oceurring in the lsiter in green and
gf@@ﬁiﬁg~§@ll@@‘l@m@ﬁg, Though stonste aye only present on
the lower aurisce, the chloroplasis are not only confined teo

guard ecelle here; gll epidermal cells, even in yellow leaves,

sontain isolated chloroplasis, (Leafl structure in shown in

Flge 2%»30




, Ereen lesves

rom variegated shoots

might be 2 mesochinmers (8 = ¥ ~ @}g is2s &
' 'periclinel shimers in $hish the middle layer is aifferent

-E,%%:ii*g 1%

-§§}. That is, thers is "a m‘%@mmmy green

| m@@ ‘%@ %%%? E&y &iﬁ@&@@&m@m @:f‘ Emﬁ }. |
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Fige 5
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Bud variations.

Green shoot (¢} from a vsriegated

Peperomia shoot (V).

seversal (i.e. W/Q to @/W) in
Pelargonium. {(This cccours in

Peperomnia too).

Yellow leal from a varisgated

Pepercomia plant.
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gafective plasiids in some cells is ipdieative of sbnormal
.g@ﬁﬁiﬁiﬁa@g this sould be due te a genstle or cytoplosmle
lesion. ‘Yo detemins ithe site ol ihe defect regulrss "bige
ghemlesl btudies o identily the leslon sewd and Tinally
4o deteraine by genelic syperizents whether the inhsritancs
- of the défeel is ¥endellisn oy non=lendelisn, l,e. whalbar
the gene is locsted in the nueleus or in the eyitoplaesa’,
C{Eivk gnd Tllney-DBasseii, 1967sl.
Unfortunately Peperosiz megnolizefolia does not sel seed,
Cand is. normelly propegeted by eutilngs. Goenstie siudles eanm
therefore not be made on this plant, and so asons obher
‘method of sporoach 1s necessary. - Locailzation of the
fastorl{s) preventing normel plesiid development in yellow
dlissue st or hﬁ%:i@'g@%?&i%a, san provide useful infeormation

which will make 1t posaibls to speculete on the ip vive

gontrol pechanlspn lnveolved,

Papersais iz 8 troplesl plany whichy, ip Lespersie
sounteiss, ssn be pucesesiuliy cudtivated by outilngs in
wars greenhouses, and bay been found 0 gresn in winter

anonnsad baesuss Lhe

{ie®e in winter, varispetion 1 less pw

yeilow tissue also grsensle. The flrst pert of thiz lavestlige-

ion of this 'sintsr effect’,

¥

tion 4z soncerned wiith the eluecida

The aig of the work reported in this theslis ls to

srsmine norphologicel, physlelogicesl a0 blochenicsl




sid simdlavities of ﬁ%&ﬁ@@g%@ﬁ%ﬂ and obther ewil

.ﬁiffﬂﬁﬁﬁﬁﬁﬁ
orgenelles from green snd yellow lesves of Pepercmis, whieh
might help to sveculabe on the 1n vive conirol of ehlorophyil
'_$§mﬁﬁﬁﬁ%§'iﬁ thess %&gﬁﬁéag ﬁﬁl@w§w%§li gynthesis {espselislly
st bigh light intensities), is uBuall iy %@%@ﬁ@%ﬁ%%ﬁ by
shlovophyil Aegradstion, It 38 the ned resulit of these two

procssses (1.2, chiorsphyil synthesis and chloroshyll

on ). whileh determines the rate of plgsent soouanls-

avoil {1916, showed thet chlowophyils
eould be hydreplysed in aguecus scotons sgluition by the drisd

-powisr of lasaves, Lves f;&ﬁ_,igmﬁﬁt%@' This vesction was
# B

zymie and the @&ﬁﬂﬁ@ responsible for it wes nened ohloroe

shyllass. It catslysss the hydrolysis of shiorophylla,

pheophytins, purpurins, bscteslochlorophyil and chlorobiam

shlorophyll {(beetevicviridin). Frotochloroshyll and other

metiony grous on =18 and ihe

porphyrine lecking the carbo
hg%f@gﬁn@ on G-7 apd =8 are not ﬂ@@?ﬁi§%%ﬁ'%3‘%%ﬁ.@ﬁﬁymﬁa
{%ﬁi%ﬁ and Freneh, 1963). The ensyme has now bsen shown

) @ﬁ loepated in the chloropnlesi {m%@é%&%&g 19403 4rdan
@ﬁﬁ‘ﬁ&ﬁﬁ%@i%ﬁﬁg 1960 e

Uhe Plrst stap in the snzysatic breskdown of ehleyophyli

 ¥ivo is also thought to be the removel of the phytel

gideschain 0 ¥ie é& walepe-soluble ehlorophyilide which gan

o

then underges further degvedaiion {(Hosek, 1043; Azdas and
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Lmpdens=lieyerhols
Glutamle seid
dlyeine
indoleacetic secld
Isopentenyl pyrophos @h&
sevalonic ameid

phthalenescetic acid

Hieotinenide adenine ¢

Hicotinanlide sdenine

Optical density
Uxaloscgetie acld
Porphobliinogen

Fhosphoenolpyruvie acid

&%“

B

Urthophogphate

Tricarboxryliec scid eycle (Erebs or Citric aseid
cle .
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in ths "poof oreenvouse’ of the Poteny Sehool, or in the

It iz 2 suesulent,; peremnmial herd, s Bambap

of the Piverscese, They are ezsy to sulblvsie {(by eutitings s
grd thely thiek leosves mske the gubiing of leal discs easy.

" 2
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in %hﬁgﬂ i%*@w%@ﬁwézﬁmﬁ'w%?@ auits
thi greenhoune on bhe voof of the Doteny Sehool, From this
g@ﬁﬁéﬁg stomegutiings were periodisaliy made Gnd @@%%‘iﬁ a

glass=box in the gy @%@%@% for 5 weslkts %0 w@@%g “h@ @%@wﬁ o

m&i%%@¢ Wﬁ in 2 Ei?ﬁ% @@%%ﬁ%$

%@ﬁﬁ then tranalsrred iﬁ%@g
whieh was lighied %g'%%@ﬁ@ﬁfﬁ e Fluoreseendt sirips,
Ll %i@%'%&ﬁh LEnt ?@%i@%%@? Tub s

Sooditions in thie 1izht osbinet whieh wore found 19

and maindain verlegation i

Tavooer Papid grc

wEre 28 LOli0ws:

ii?_@ Long-day vegins ef 36 hours lizhi,
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The vients used in sil @xﬁ@fﬁm@ﬁ@@ gare guliivated in

2 50-50 mixture of peat and Jobn E%ﬁﬁ& potting comgpost Fo. 1.
In Peperonie, by the end of this period, the guiliings haid

developed ons or two sultshle sized lesves, {i.e@. lesves

2l o ™
4igeg =

with larze enou %- yelioyw portions Tron whick leal
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ity o
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ok

Bt s

%
LT

a=l <

Bt i

o

4 i ty
E .wnm e

ou
ko

1R

B e & »
e o2 -
@ oon

) 4

fed o ared
] k] o
£ oo
P - ]
" (5 N I
o A et o3 o3
fei] Gt e . ) Gy
W i aa o ta
sd B3 ik )
i o GF &k g @
& 4 & €k . ] et b
e ] _md ) g ]
. - e
R N _‘
2 : P
o 4d of
e i* =%
& Ty i
a £
=5 5L

a

W&% b

s

ohl

FULT Ry &

i

s

i

i
R L,
& l L]

i
e
4

O

rid

kS
S Y
Hor b

AR

5
b




iy s
Plge Do

-

i

Lay-out, showing concentrations of growth substance
in petri dishes {(numbered 1 _to 15

used in tissue culture sxperiments.
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WHITE'S MsbIvi (Whites, 1943)

{S+tock solutions for tissue-culture mediam)

I. Hineral Selution II. Vitamin Solution

(Stored in the dark) {stored in the cold)
gme/l mge/ 100 wl,

Ga{ﬂ03)2 Z Glycine 300

ﬁaﬁSQa 2 Hicatinié acid 50

KGL 0.8 Thisnine 16

ﬁaﬁzﬁﬁi.”ﬁqﬁ Ce215 Pyridoxine 10

Evm&%. i;;iig(} 0.066

Znﬁﬂa.7ﬂzo 04027

HEBQ3 0015

I 0.0075

g0y 8 74,0 56

Fopr Cultuare dediump

AGE 100 mle of I, + 10 mle of II, + 205 mle 1% Feg(ﬁﬁh 39

and nake un to a iitrs
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An attempt was also mede t9 establish leafl discs in
sterile cultures but this too had to he abandoned, This

not possihle to get enough discs

=
a8
e
o
o]
o]
5
o
&0
1]
o7

Wa B

g

remaining sterile over the long periods of at least L weaks,
reguivred for greening in Peperomia., A 1:10 scolution of
sodium hypochlorite in weter was found to be betiter than
absolute alcohol in sterilizing the leaf hits., But in spite
of all the precavitions teken to ensure that the cultures

o

remained sterile, the longest pericd all the discs In &

petrli dish remained sterile was shout 2 weeks, The experi-
ments in thess studies therefore had to be done using whols

lesves, It was only in short-period experiments {not more

than 24 hours) that leal discs were used,

(d) gterilization procedure

This was the procedure usesd for preparing cultures of
lesf materials for tissue culture experiments, and for

experiments involving the maintensnce of lesf discs and

whnole leszves under sterile conditions,
wr et
The culvure medla, distilled,and all necsssary

glassware were sautocleved at 20 1be/sg.in, for 15 minuies.

e

411 these materials were then transferred inio & small room

which had been sterilized by spraying with asbsoliute aleohol

gnd heated by two bunsen burners for at lesst one hour, The

washed leal materials contained in a covered ‘erystalliszation

?

dish' were also taken to the sterile room. Anough 10% sodium




= G e

hypoehlorite solution wes poured into the dish to covep
np all the lesves,
After § = 10 minutes, the hypochloviie sclution wes

poared out frop the dish snd

rapiesed by ¢ooled, starilized
dietiiied water, The lesves wovre waphed in the 4letilisd

ang Tihe covered dish, They were then

water by gehily =
an in snother 8lsh of sleriliized

diatiliied seter., The lsaves were [Moeily traneferred ints

& thipd eoversd dlsh, The large forceps unsed fopr thes

transierds e well sa the knlves, ook borers, gisss rods,

peedles and anall Ioreeps used for cubtiing oul lasl-hits

and lsal dlars g

i Tor trensflerving these lesd msterials
into the cullture nedls wers 31l sterilized, This was done

by dipping thes into 707 aleohol, fls

ming thes snd silowlisg

)

wang the steriiizastion prossdurs,

hem %0 cotl. {%@g@rﬁ B
I washed ay hants with 709 ai

The eutitling of leal msierisl was do

between 90 bunsen burmers. This slsh hed previously been
rubbed with aleobol and flismed iy apd gt short intepvals

during the cutiing-out process, 1t wee rubbed with colion

wonl sceked in sleohol. A11 lesf-bits or lesf diges were

Perred inte dry, sterile peirl dishes as s00n as they
ware cut. Alltey gubtling out sll the reguired lsae? melerisls.
they were irsnelorrved from the psiri dishes into the cullure

@medla, These were elther 1lgpld meflas conisinsd in smell




glass tubes or semiwsolld medla eoniained in covered petri
gishes. Liguid medis containing whole lesves were put into
coverad, sterillized glass jars, while the peiri dishes
containing lesf=discs culiBred in seniesolid medis were
taped {with *scoich tape') to exclude oulside zir.
Hotdficarions of the above procedure were tried, but
these dld not produce beiior results than could be obtained
@reviaugly.' For instence, intead of sterilizing the roonm
by spraying and heating, ultre=vicelel radistlon was tirled
{separately and in addition to the spraying and heatingj.

Leal materials were sterilized in hypoechlovite afier,

instead of befors cutiing (1aafabiﬁs for 1 minute, snd

leaf discs for 2 minutes)s. Even doing all the cubiing=out

and culturing behind an "incculstion hood? did not nake

the cultures stay sterile for longer periods than before,

{e) Pignment extraction snd determinstion

A kKnown fresh=welight of leaf maﬁefial or number of leal
dises with dlsmeter 7 mue. was finely ground in & moriar
with washed sand snd about 0.5 g. eslcium carbonaie in
854 acetone., The brei was filtered in a Buchner funnel
and washed with more scetone 1o extrsct as wuch of the
plgments as yoésible. :(A totad of 30 ml., of sesione was
used for the grinding snd extraction of esch sample je  The

filtrate was concentrsied by transferring inio 4, 5 of 10 ul,




sther gsed dependineg on the lesf-mzitevdisl and on the naburs

of! the experinen

ar gy oo S y 8w s
TEN ROENOne LN

setyolevn ether wag earrled outl s followsy {Zschelils snd

Comsry, 1940 - Li: MeHinney, 1940). The speions exipsct

L2
i3
o
o
ful]
i
&
et

18 petroleuwn ether contained in
@ 100 mls glass separsting fumnel, and 6isiilled weierp

wdded doyn the ingile of the sepsreting funnel

]
“
o
\ME}J
i
L
€]

et

mtll 2 disgtinet isyers were formed., The lower sgueous

&

SoELOne 2r woi drained of P and discevded, Tragss of

aeetone in the aelroleun sther solublon were then roemoved

by ailowing the sclution 1o Flow by

gravity through the

long azrrow siesm of ithe sepsrating fuonnel, so thet it

emerged below the suyfece of ths ter and vose LU the Top.
The w was dreined off snd the Tserubbing’ proce

ihree tiumes, (4 snall awount of galciuvm cerbonste

5

wos added to all distiiled water used Jor washing LUIDOSSs e
The petrolenn ether solution was dyied overnighl over
snhydreous sodiun sulvhetes before chronstopraphic sspavetion

LB 8He

i”:
*’:5

trophotometric messurenents weve made, {The sSpeciroe

i*

-

photometer uged wes the Pechman FPhotoeleciric Spseipoe

e
il

-

photometar dodel DB

i

0

For chromatogrepnice anslysis, the nlgsents from 20

e

2

green, or 80 yellow leafl @lses {op %he soulvalent of 1 or

2 g =3¢liht reapsctivelyl, were transferrved inte L ml,
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Fige 7 Chronatography of chloroenlast
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from Peveromlis leaves.

"

Ur - Origing o - <Chilorophbyll b

A = Chiorephyll z; X - donthophylls)
# of - Uolvent Lront;

o -~ Unrotenss:

Un - See page 49,
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vhe develop 1¥ setursted with petroiswn

ether {QQ - GOG 5 &l wted for shout twenty

minmtes before being developed {ascending, one=directi

for sbhout 2 hour {a modific

of the one used for

{1007 w 420 01, patrolews ethar

of petroleun

-5 e SR - o % .
L7 = GRTC) ag s B or Ri, The transfersnoe
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Pige 8 Absorntion spectra of Pensronisa leafl

cnloronlast »nipmente in acetone,
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wa ?éz% "

the concentration of chisvopbylis in the yellow lzeven wes

80 snalls, thei 1% wes oot possible 10 sluls thes Trom ihe

golumn guantiiatively.  Absorpiion spectre of the four
ghitalined Tron the solumn slse showed then

Fractions

e gontssinaied by other plgmeniss e.g. thove were trsces

of shiopophyll 3 in the esyotencids and vice verss. Papey

shronatopreshy ves Tound to he guloisy Byl BOTY 200BTALE,

mag thersfors psed in stodies of chsnges 1n plgment

gopeentretlion during preening in Poperonia lesl tisauss,.

shsorpbion speotre of the piguent Trections obiained

by this method ave shown in Plg. 2, Thase

show po espbanlneilon by other plomenis.
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As meniioned in the fensrsl Introductlon, the lesves
of Pepepromis hove been Tound 1o regssin verieguied during
e &@E&@?-ﬁﬁﬁ ﬁﬁt&ﬁn montha =13 but in winter sl 9&?&5 BHTIN,
the yellow parts shoy maried greening, The magmf ghenges

in enviponmental eopditions in the greephouse during this

greening period arg:

o™
]
Ry

decrensed day-lengih

s
fts
ih.lr

T

gecressed light intensliily and

s
ety
ot

p ey

.{b

wxperinents vere theprefore csrried oul in an etienyt

Goeeressed totel vediztl .

a

e Lind out i1 any of thess snvironmenizl conditions couldd

s L

he correlated with the obzesrved greening in winter,

L3 &

Thyee Iight csbinets, meiatsinsd ot gﬁwﬁg were weh U,
one on s sharﬁuﬂaﬁ (& hours light), s socond on g Long=-day
{44 hours 1ight), and the thirs on s doy=neuitral regine 's
{12 hours 1ight). | s
#ix pots of Zeyesr old Peperoumls plantes from the
greenhouse, slgil pobts mf'rﬁﬁiimg stemecutiinge {without

new shoots ), and six pots of newlyeshooting cuttings were

put inte each of' these thres Light cablnets. The plants

in uil the gablneils wers watered yegulsrly and closely
chaerved for g period of shoub six aonthe,
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25 s 300 fimc. were calculated.

mhﬁ affects of @ﬁ%mi@al f&ﬁ%@ﬁ@ in iﬁﬁ%@iﬂg gp&ﬁﬁiﬁg

BEe ﬁ%&ﬁiﬁﬁ in em%iﬁ@ M&g@fm~x lusves g »@img iﬂ
&%@?ﬂii%@ﬁ %@Kuﬁiﬁﬁae W%ﬁﬁﬁ %@1@%%%&3 W@r& &&&n@ﬁﬁ iﬁmﬁﬁ?

gt @E‘*ﬁil@ eonditions

Js 8 sBoon ¥ signe

Vf infection were
detected in them - the solutions, as well az the small

gliase~-tube etntalners ware ?@@ﬁ&ﬁﬁ& with sterile Ones.

similer studlies wepre pefe on les! dises growing in ssmli-polid

eultures, The guliures wers made up of ¥hite’s unineral

and vitemin medium {vhite, 1943}y 0.5 sgar md dlfferent

sonesntrations of suerose, Sucrgss coasentreticns fron

1

o &% ware used in experinents to find out the

of suerose on greening. 1p ssperiments to sindy th

AT

el other oon

Wis the senl-seliid puliure gontasined 5%
SR TDRE,

The Following

B

Ilepeine and

gspartie seld (in coveentrations Trom 5§ %0 100 pp@. s

givberelile acid (fron 5 to 50 ppm. ) kinetin (frus 2 %o 10 ppm. s

ol ZeleD (from 0.2 %0 2 pple jo  Solutions of

yoast

axtract an

d casein hvivolysate (in econcentrations, varying

Ppom 100 10 2,000 pom. je 85 well s ures (From 1 %o 20 poBa b

and smeoniunm nitrate (0.1 ¥ snd ©,2 ¥)were slso tried.




abineis in ebout Tive meelks,
3 lesves; (no sign of

v lesves uwntlil alftey

by other plants, Here,

' y gteriing fro
proafiing 4o
iight inte
st intensitien lowep




{a) -~ Variegated Pevneromia olant.

(b} - lormal Green Peperomisz plant.

{(note 'vellow' terminal leafl -

see text).

(e} = Greening variegated Pspercnia

plant (L}, (Hew terminal leaf
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Gther varlegated plants were trled Ffor the mbove light
intensity effects found in Peperomis, but none of them
responded. in the same way, Abutilon and Pelargonium sppeared
to reguire high 1ight intensity for good growth, and they
died at the low light inteneity level whieh induced %w@@nimg'
in Peperomla. The other plenits (Chlorophytum, Pedilanthus,

- snd Hedera), also appesaved %o do beitter at high

light intensity, =2nd thoungh they did not 4is at the low
intensities, very 1itile greening was Found in Chlorow
phybus and Heders, and no evidsnce of greening st all, in
Pedllanthus and Buonymus ab 25 fi-s,

Another sxpeviment In which some Peperomls plants
were Zeptl im polythens bags and meinteined 2t high humidity
showed the? high humidity hed no obaerveble affect in
indusing greening. Vegstetive growih was found i bhe

slower under this condition of high huwidity; i.e., though
the plants maintsined at high humidity producsd a2 lot of

¥ were mors succulent, 'eontrol plentas’

adventitlous

in drier eonditions (no% in bags) grew faster, snd became

iarger,

Changes in chiovophyll content of yellow Peperonis
ieaves under long, =and shori-dsy sonditions are shown in
Fig. 10, 7The plsnitz in each light-vegime were at 25 aznd
200 ft=-g, These resulis suggest that it is low 1ight

intensity rether than short dey-length, which is rﬁsp@ﬁai%iQ*Q'
. d




Plige

o 200 Ti=-g

0-3r

Relative chi. content

Days

Effect of daye-length snd light intensity
on ehlorophyll eontent

in ¥ELLOYW Peperonis lesves,

A gﬁ f%”ee
— 8nort Days {8 hrs. 1ight)
0O 240 Di=g, .
A 25 f'z"'ﬁa
}- Long Deys {16 hrs, light)




ing in yellow Peperomia lesves,

'vmﬂ e in Fig. 10, then
phyll content {w» unit leaf ares or unit fresh




aor — OD/100 mg. fr. wt./1 mi. pet. ether.
--— OD/4 discs/1 ml. pet. ether. /_ _
o.7
‘g 0.5+
&
o : 75 l 75 : %5 ; 75 ! 766 * 20
Days
?&@o 1%

gontent in 1B ronie lesves

in short~-days.

Dark pointewe~ 25 fie-g,
Light pointe 00- 200 fi-c,




.1-6 -

Relative chl. cont,

— OD/50 mg. fr. wi./1 ml. pet. ether.
~-- OD/disc/1 mi. pet. ether.

L Plge 12

T 20 80 80 100

Days :

EBffeet of iight intensiiy on ehloraphy

gombent in
in shoriedeye

GREEN Péperomia leaves

Dark @mﬁ;m&— o~ 25 s“’f‘%%; |
Light pointa DO - 200 Li-c.




Bxperiments using verious growthesubstences snd
gompounds which have been reporied to imﬁ&e@ ehlorophyll
gynéﬁas%siar chloroplast @iff@r@ﬁ%i@@ign did gnot produce
any greening in yellow Peperomla. leaves. Leucine and
aspartic acid, as well ss glbberellic aecld, which have
been reported to infduce normal ﬁhi@r@piéﬁt @if?@ﬁ&ﬁ%i@%iéﬂ

in some bariey wmutants, and regreening in Velentia orang

respectively (von vettstein, 1961; Coggins and Lewism, 1962),
did not appear t0 induce any pgreening. Kinetin, MiA and
2y L=l were @1&@ tricd but no evidence of greening was found,
Jo find out if‘v@yiagat&@m was the result of nutritional
deficiency, whole-leaf cultures ﬁf Peperomia were set up in
solutions of yesst extreset, cssein hydrolysate, ures
ponlum nitraste. Here too, no greening occurred.

Though fungal and beseteriasl infection made the results
of the above experliuents rather difficult to interpret,
no definite greening induced by chemical treatuent was
found after mainteining the cultures for periocds of fronm
& to 14 weeks, Profuse ?ﬁﬁ%ﬁﬂ@‘@%ﬁﬁ??ﬁﬂ in the whole-leaf
cuitures, while sdventitious roots were gr@ﬁa@@& by the
learl ﬁi@a&, %ﬁ@ latter only occurring in ﬁia%& which were

pleced upside=down in the semi-solid culture medium,




e  DISCUSHBION
The sbove resulis show thet while greening in yellow
Peperonia leaves oCours %ﬁ 25 I't=-ge in bouth ;@mguamﬂ short-day

conditions, no greening occurs at 200 ft-c., whether the
piants are kept in long or ghort deys. It 1s thus evident,
that it is lizht intensity, vether than day-liength which con-
trols greening in yellow Peperomia leaves,

The results of fresh and dry-welght determinations

(Fige 13) st

wow that the sbove conclusion is stlll vellid,

There is very litile change in fresh and dry-wzeight of

g@llawiPaﬁeﬁg&i& lesves ot high end low 1llght intensities

over the period of the experiment. So that ss can be seen

from Pige. 11 (Whé?% @El&rﬁ@hgﬁi content has been expreassed

per unit surface %ﬁ%a ag well as on fresheweight bé@i@}a

the fall in chlorophyll content at high light intensity

cannot be atiributed to 'dilution’ caused by more rapld

growthe ZEven in g?@@m,léﬁvaa where there ls a %igﬂifiﬁ%&%

ineresse in fresheweight ot high light intensity, (Filg. 13),

enlorophbyll content per ‘unii’ fresheweight continues to rise.
Though the determinstion of chlorophyll content was

not repeated under long dsy condlitlons, the Initial incresse

and subseguent fall in chiocrophyll content in yellow Peperoaia

lesf tissue reported shove, had been found to ogeur in ail

new stem-cuttinge in the 'controiled conditions® in the

roof light cebinet where they were cultivated {il.e. in

long=days snd at high light intensity). It might be =




FRESH WEIGHT

0.5

Weight (g/zo discs)
o
F-3
]

o-lk DRY WEIGHT

°‘°5LT::M/
., .

Pig. 13

¢h potes in Pe ia leaves

R High light intensity
Low light intensity
igh light intensity
QO Low light intensity

— Green leafl dliges

i.—%mw leaf dises




w  BH .

'aevelopnmental phese’ in the growth of yellow Peperoulas leaves.
The lesves of green F@@@r@mia piants also show & pecullay
deveiopuenial gaﬁt@rﬁ. They atéri of'f yellow, bul aawﬁ EPeen,
whether they sre kept st high or low iight intensity; i.e.

unlike yellow Pepercomia lesves, chlorophyll a@@ﬁﬁ@&&%iem Seours

in green leaves, not only et low, buil alsco at high 1light
intenslties.
The patiern of greening found in Peperomia lesves,

{i.e. atarting

from the terminal leaves) sppeared to suggest

under hormonal control., Bul sinee

that greening hers
gwﬁ%niﬁg‘a%iil oevurred even when the @@rmiﬁal leaves wers
sut off, it esn be concluded that greening is not the
result of the synthesis in the young leaves, of = diffusikble
pompound reguired for ﬁhlgrﬁ?hyil synthesis, (It hes also
not yet been possibie to induce greening by chemical |

treatment), That greening in Peperomia is not controlled

BY B h@rm&m@ formed in the voung lesves is sgeln supporied

by the cbservation that in the long-day caEbined, all
shaded ieavéa on any shoot greensd, whether or not the
terninal lesves of the shoot had slresdy greened.

Becamuse it was not possible ito lnduce gresning by

chemienl treatment, it was pot easy to offer any explana-

$ion Ffor the low 1ight intensity effect im indueing
greening in Peperomia lseves. If such induction of green-

i besone possible {or if greening by some chenical




trontnent can later he sshieved), then by studyin
ceffect o 1lght intenslity on the relevent chenleal faelow

s ettempt a% explaining this light efTect might have bosn

possibvie {or night besome poesible), Studies of tempersture
eftect, or of the effect of totsl redlstion {both of whieh
are yet o be done), might alse help o elucidate the
mechenian of greening in Peperomia lesves. Without
shgesssful resulils from the shove studies, & spoculative

srplanation is 2ll that can be provided al this stage,

- Binee greening is the result of a higher reis of

ehlowmphyll synthesie then the rate 2t which the pignent

bprecks down, low light intensiiy sen ceuse greening by

ving down ehloropbyil degrefaticn,or by initisibing

srophyll synthesis or inersssing the synthetic rete.
7 been reported, some initisl greening
pogure 1o yellow |
intensities,

ais lesves, even st hlgh 1ight
ng et low light intemsliy mlght

Be the result of decreased chilorophyll degrsdstlon sndig
inereased Torsation of the pigient. Studies ol thess 190

effests heve been reported in lsier desilions.
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Te

tha reault of loeresse in chilooophyll

sontent, the process iz slso charseierized by =n incrosag

in othoy phwiceynthetic plgoents. The btypes of plgoenis

in totsl plgeent sontent during

Paotopynibetic reles in gresning leeves wore also

e

monguTed, Thope irpvolved the dstsrmingilion of ouve

sptake in the dark and ges exuharys in iipht, Singe dosd

e upheake was uﬁ%ﬁﬁva%%ﬁ&y found to be higher in yellow

i in gw&%&%@wyﬁlﬁﬁﬁ Pepurods isgven, 4% was deelided
to folilow changes in resplystilon veies lun the gresning

jesves ss weil es the photosyntbetie rotes,

Az hop besn meationsd in the Cepgrei Introluetion

{ipoge 9y gresn Peporounis legves are msle W of & potentisily
preen epiderais, a colouriess sub-epidersis and o gresn

eore or ehlorenchyma tissus., 1In yellow leaves the core

tlosus 1z oolourless imetesd of belng gresn, Ancotumicsd

rentigetions were therefore yndortuisn o study the

¢h take plase duving proe

hene yellow

Pleausn, The main features ptudisd were ehloroploal

aby fehe intier covering

sure snd chloreplsst morhology

shanwes in ehloroplest slze, amd @istributionle

In aféition, penevrsl lesl snsbony (1.8, Llzsuseiypes

L ddatributicn,
Bhudind.

end changes An cell slze) . glnoe
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L

st

gput corresponded to thet of ethyl pheosh

ie momt probebly 8 ¢

of eblorophyll g, The sum of the optical &
lorophyll g snd Un wae ithervelors itaken io reprssent

chlovophyll g content,

43 hes been reporisd ebove, ihe formetion of

in yellow Pepercala plsstids is not sccompanied by somplete

b %ﬁ? ,'}

entiation, o sterch grains were also

found in shioroplasts Trom gressd-yeilow tiseues, IHense

though shesenee of stereh is not necessarily indlicative of

lzck of photeaymthesis, photosynibetic deterninations wevre

mede i green spnd yellow Peperomic

sl chloroplast structures of greensde-yelliow Tlissuse
is dus to the Torzmstlon in these plestids, of the none

e of chlorophyll reported in Cenolhere

ieaves by Schoets {1856).

en1 uptake in the derk {(respivstion) snd oxygen

evolution in light {spparent photosynthesis) for green and

gves are shown in Plg

nha, and from determinstions of lesef-arss, leal-

. ghlorophyll sontent per samy.




1 Green lesves.

ned-Yellow leaves.

e - Dzmygen uptake in dark.
(f&%@&@i?é&ﬁi }
§ at” W@E@%i@% iga ligﬁ'%ﬂ

{App. photosynthesis)
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and greeneld-yellow leaves shown

instesd of evolving oxygen, yellow Pepercnin lesves

gontinue Lo ©

due to photo-oxid

{bleaching hes bsen o

gbout 800 fi-e,.), then the rates of photosynthesis shown
should be corvrented for onymen uptslke in 1ight
due to photo-gxidetion, But @?ﬁ% without asking this
gorrection, 1% is evident thet the chiorophyil formed in

tionel

yellow Peperomis lesves during greening iz fu
(1.2, photosynthetiz),

i

Teble I ghows the vates of pho

rthesis dn green and

%@%;*

Fellow lesves st low light intensity, In green isaves

pho g@gﬁ%ﬁ% sie fell by sbout 2 guarier of the initisl rale

o

in sbout 10 weeks., On the other hand, photosynthetic rate
in yelliow lesf-tissue rose so narkedly thet by ithe end of

10 weeics the role wes zbhout the same g8 in gresn lesves

%pk

Zept under the sape conditions. Fro

2

most rapid from b

HE

»»

gbout the second to ithe Tourth weel;

thereafier, though photosynibetic rate continues fo

ineresse, 1t does a5 even more slosly

Firat fort

ight, In terms of photosynthesis rate per mp,

s

ers i 8 Pall in pholosynihesis in yeilow
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ecaves aiter oboul & month of greening.

Changes in respiration rates {rates éf oxygen uptake)
chiorophyll content in green and yellow Peperoala
leaves (?a%l@ 5) show %ha% the ratio of chlovrophyll content
t0 Qﬁggﬁn uptoke inereases st 25 ft-c, in both green and
y%11®@>1eaﬁa@. The incresse is however fa%%&? in yellow
jeaves - the increase here is hg a Tastor @f over 5 in 60
lays while in the sume periocd, the vailc incresses just

wer 3 times in green lesves,.

The results from the determinaotlicon of ehloroplast
sigments in Pepercala 1&%?@& show that both green and
yeliow leaves can synthesise chlorophyll g@ chlorophyll by
arotenes wnd xaa%g gkyxlﬁ {the Q%ﬁyﬁ%iﬁﬁdﬁ of the
arctencids formed in the preen and yellow tlssues has

not been investipoted). i% is evident that 1t ls the %igﬁ
roportion of a&r&%&m@iﬁa to ehlorophylles in the latter
tissue (i.e. compored with the ratio of these two pigments—
types in green lemves) which gives them their yellow
&§@%ﬁ?&ﬁﬁ$n |

As greening proceeds in these yellow 1@@?@%; the ratio
£ ehlorophylls to carotenoids ineresses and aftor é@ga%

! months of preening {when the leaves sre distinetly green)




- B3

the totsl shilorophyll eontent is nesrly twlee ss mueh s
the garotencids, 7Thess greenede-yeliow leaves are siill
very much paler green in solour than the normsl green
lezves wileh, in the same pericd, and under the sanme

%,

sonditions, heve sbout 25 times sze much ehlerophylls a8

garctencids. (Teble 2b),

The ingospletely ldentified plpgnent Un, otourred

poth in yellow s well as in green leaves.

an shaservetion reportsd by Shimizu and Temski (1963),

smsivm, 2t s

lng the chromstogrephie
progeiure, 1w was not Tourd to ocour in

ghiovophyll & a8 well,

o Aeaves

Prans Senoets {1958, g@%&%ﬁ that young |

of

eculd not photosynthesize, while green lesves Irom the sanme

. with matated 2 plastids,

plant with noresl

plastlds, photosyntheslized

normallys The formation of non-funstlonsl ehlorophyil

3 ales found o gecur in 8 species of §

with mutated plsstids, ss well =s in certsin chlorophyil-

rich mutants of Davis, 1948},

a8 reported in the resulis, the chiorophyll found in the

iz leaf-tissue during greening

pisatids of yellow Peperom




&1 -
e b =

is funstional; 1.2. it is not the non-photosynthetic type
of enlorophyll reported in Oenothera lesves, |

in terme of pl, O /mg. ehilovophyll, the rate of
photosynthesis is even higher in the greened-yellow

Peperonia lsaves

than in the normel gresn ones

the rate per unilt lesl surfece-ares iz highey in the green

lesves (Teble 3)s Results from other plent specles show

that the rate of photosynthesis (esrbon dicxlide assind
tion) per unit surface-sres is less in yellow-green

-

the rate per unit

verieties then in deri-greoen oness but

chlorophyll {sssimilation mumber) is higher in the yellow=

green lesves - gommoniy by a8 such ss ten times that in

the normal gresn lesves {(Durtls end Clerk 1950% ),

. of respirstory rates

gontent shows an interesting covrelation between oxidative

metebolisn and chlorophyll scousm

piation, TPorplyrin synthesis

is known to be initieted by condensation bebtween glyeine

sueclnyl-Cod, The intrscelluler sonesniraiion of

or gusely

suceinyli-lol

ste may be lmportsnt in regulsting

grrole blogynthesis, and the rste st shish the

ic seid eyele operaies could imfluence

shiovophyll synthesis, Suecinate/Tumsrete oxldation }

besn shown 1o be the limliing step in the TCA eycle under

semieanasrobie conditions (Ersbs snd lowesteln, 1960),

%‘} L

while highly serchle conditions would favour metsbolisn
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eontent at low 11

ght iﬁ%ﬁﬁﬁi@fv{?ﬁ%ﬁ. 11 & 12), chlorophylil
eontent/unit lesf ares incressed both in green as well es
in yellow lesves, Thus the *diiution effect’ due to

legves eannot be the

ingrezse i@lﬁﬁii gize ﬁﬁ §%l1@%

ation of yellow tissue in Peperomia

explanation for the for
leaves,

Aseording to von Wettsteln (1958, 1959), and Xlein

and PoljekolP-Hayber (1961), orgsnization of lsmellse can
ts Yet even though the yellow

take plaece to a limited extent even without ebler

rmation canno
zﬁagﬁﬁ of Peperomis being studled in this work can

umalate falirly lerge %ﬁ&aﬁiﬁiéﬁ of ehlorophyll at low

1ight intensities, their ehloroplssts never become as fully
rentistead s those in the normsl

green lesves, LAfter

60 days at 25 fie=c., yellow lesves cont
the chlorophyll sontent of green lesves

a lemellse and

yellow tlasue on the

Chioroplasts from

wand, show no differentistion et all,

¥hen yellow tissues are induced to green at low light

intensity, some differentiastiocn is found to tske plsee in




* the chloroplasts,
wing no clear differentiation into grans and str

regionss Sc though these chlorcplasts contain largs
quentities of chlorophyll, they do not become as fully

differentisted ss chloroplasts {rom green tissue, This

incomplete differentistion is either the result of a

pecullar developmental patitern found in yellow Peperomis

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

tensity reguirement for chiorophyll formstion

cummilation in these tissuss,

‘rom green and yellow

1l and developed st low light intensity showed

that the pscullar structure of chlorcplests from gresnsd-
yellow tissue was not the result of low light intensity,

flence while yellow tissue chloroplasts could not show

complete differentistion after 10 weeks at low light
intensity, chloroplast differentistion wes

complete in
green tlssue efter 4 weeks at low 1light int

though the latter tissue was paleregreen in colour than
the former, Chloroplast differentiation, even in very
young 'green' lesves (with smal

"éﬁﬁ@iﬁﬁ%iy yellowish tissue) was more advanced
found in the yellow lesves which hs

4 been greenir




All this clearly shows thst the incomplete chloroplast
differentiation found in greened-yellow lesves is not a
low light intensitiy effect, snd is therefore due to the
physiological sbnormality of the yellow Peperomia lesf-
tisaue,

The results discussed so far {l.e. in Sections II and

111)s show thet there is no "irreversible block

' in the

chiorophyll biosynthetie pethway in yellow Peperocmis lesves,
1f they do not green a2t high ligh

t intensities, this could
be due Lo one or both of the fellowing ressons: High light
intensity might result in {(a) a Taster rate of ehlorophyll
degradstion then chlorophyll synthesis,

and (b) a reduced
rate or cessation of chlorophyll synthesis, These possibili-
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9e

aen and preensd-yellow Peper

{sbout 800 £%. 0. )s thelr

iz plenta

#posed to high light intensities

iesves beeoue blesshed, Bmpericents wers therefore gsrried
out to exs

ine chlorophyll degradative procesass in these

isaveg, The Lt processzes axsuined were chiorchyllsse
estivity = blesehing., "he eperiasenis were to find out
if there wes siy correlstion between the rate of chilorophyil
breskdown argl veriegation. 1.8, 47 variegetion is the

result of a fsater rate of chlorophyll degredstion in

some of the lesf-Llissues,

48 hes siready been shown, low 1ight intensity csuses

gt At has heen

greening in yellowy Pepercals leave

rsported that chiorophylliese activiiy is lower in lesves

ations of the sctlivity of the enszyse at high and

low light intensities vwere therelore also amasde to see i7
greening st low light intensily ean be explsined in terne

of the affect of light intensily on

chlorophyllase activity,

Thy

2 groups of methods for detoreining chlorophylliase

activity heve besn used by verious workers. 1In one Erouds

ths pilgsents were extracied into ether snd then into alkaslil,

LN .
This wss used by villstetter and Stoll, {1910) ad was also

wasd by Peterson end Meiilmney (1938 ). Another nsthod (s

hromatogrephic method), was deseribed by Sironval (1954),

i in the derk than in those grown in light (Holden, 1961 ).




- The sootongs

sed on &m mﬂiﬁmsi*@g of

?mwim ether, i%%&@% and %ﬁim&g, *‘* Ma@
' % ’3@%§ finlden %%ﬁ% e

is supposed to be

the W’% %@ﬁ%@mm, it ﬁ% s gonsunling, especiaslly where

".5:,.&1 @f %’i’l‘i‘(

of enzyme sciivity sre

envisaged, The mir@ %@%ﬁ%ﬁf based on the insolubility of

ehlore @yﬁi@ &8 pieum ether ls sccurate

in Z%@g%%ﬁ petr

nough to be used ifz experiments to com

2 ensyme sctivity

in difrerent tissues under giniler conditions, and becsuse
it is guicker too, it was used in sll chlorophyllase

activity determinations reported in this work,

leaves in ¢old 857 scetons in a mor and filtering the
shner funnel, The vesidue wes weshed with

more seetone To ™

he chlorophyll as possible.
inscluble leafl residue was

) Wi@h '???}%’&. ;*v{:;,
desiceator at 0°C and

es The fine residue left was drded in =




= 61 =

2 to give the filtrate an opticsal density
of sround 2 at 660 ma. The filtrate was

Eeot for at lesst

hree daye in 8 deep-Ireese and carotenes which precipitated
out, were fliltered off,
(131) Determinstion of chlorophyllese setivity

insubated st roos-tesperature in the dark, with & ml., of

and 4 ml. 0.01 ¥ sodius

the standard ghlorophyll solution

gitrate, Optimum * for thls enzyme sction shieh

were maintsined in this experiment were, pH - 8; team
507,

s incubstion period, the ‘rescting

perature

tone concentrstion - LD

red and ihe residue weshed with 30 mi, 807
10 ml, of 2! sodium chloride were mdded o the

filtrate and shaten up. 20 ml, of this solutlon was shaken

uwp with 2 lots of 10 mi, light petroisum ether in a separat-
ing Tunnel,
chicrophyil. The petroleus ether layer wes discarded and

s

the rest Rept for deterumination of total

the scetone layer, containing th
to 20 mi, with 807 acetone.




& Control with no &
ealeulsted, {zect
nzyme powier, 1 unit being the a»

rophylisse setivity wee

he average of two detemins~

Chlorephyllase setivity wes expressed in units/200 mg,
unt which catalyses the
e sctivity
al leavea, {Activity
md to be higher in terminsl, than in
older leaves - 2,2 & 1,3 units respectively),

{b) Bleaching
Beceuss the @%M@?@gﬁ content of yellow Peperomi

leaf-tissues is very low, greened-yellow tissues (from
%;ﬁi@gﬁ%ﬁi leaves kept for shout three months at 25 £t.¢)
were used for the following |

(1)

Peperomla leal-tissues were groun

¥l in a sucrose-

buffer solution (0.5 ¥ sucrose, pH. 8). The
cellular debris and the filtrate centrifuged

frags " intesct celle and sterel P
ed at 8

1y of small eellulsr

pins was ﬁiﬁ;ﬁﬁz@&&
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hese two sete of semples was




The first part of this work

was to find out if yellow Peperomis lesves hed highes
green leaves, 1t was sotuslly

¢ of higher chlorophyllisse

chlorophyllase sctivity then

o aseertelin shether 11 was becaus

goetivity resulting in o highery rate of chlovephyll breasxd

which wes respons
ing yvellow,
in two other variegated plants which were studisd (Pelargonium

& Hedera) is shout the same in the green and yellow lsaves,

ible for some Peperomis leaf-tissues sppesr—

From Flge 20 b & ¢ shlorcophyllase setivity

Results for Peperomlis {(Pig., 20s) aleo show thai the asctivity

of the enzyme is not higher in the yellow lesves - hers

rophyllase setivity is lower in yeliow

than in green

lesves,

Eesults of chlore

hyllisse sctivity in Peperonmis end
other variegated plants at different light intensitles are

shown in Tseble 6,

‘hese show that chicorophyllase activity

is completely lost in Peperomis leaves al'ter b

in the dsrk., The inltisl sctivity of the enzyne
during this study

light intensity effect

2 evident, Various stiempits falled

to reproduce the high sctivities obisined during the study

of the relative rsles of chlorophylliase setivity in green

snd vellow lesf-itissues, {Fig. 20s), Seversl determinstions

were made using different baltches of Peperomis plants growing
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Fig. 20a GChlorophyllase setivity in Pepers

® - Breen lesves; o = Yellow lesves,

(Bash point 1s average from 2 determinations).




% Chl, hydrolysed /200 mrg-

Fig. 20b

enzyme powder

80

-— —
v 0
o
N
3 4 5 6
Hours

Chlorophyllase setivity in Pelargonium leaves.

® = Green 1@&%@;' O Y@ﬂw 1%?%.,
{Each ;se:aizﬁ is sverage from 2 ﬁm%mﬁn@mm’z@}
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Chlorophyllsse setiviiy in Heders lesves,

® = Uprsen lesves; 0« Yellow lsaves,
{Esch point is sverasge from 2 determinations ).







were also tried, All these determinstions showed very low
setivity (below 1.5 "units'),

| Results in Pelargonium and Chlorophytum on
hend (Tasble 6), elearly sh
effect

the %%h%ﬁ

on chlorophyllsse aetivity, 1In Heders, fuonymus and

Veronlca, there ia a signl
eetivity in the dark,

. Ticant decysasge in chlorophylisas
shile in Chlorophytum, 15 days in ”
nge in activity,.

Figs 21 8 & b and Fig, 22 show the resulls of experiments

darkness does not ceuse g significant chs

on bleeching in Pepen

ile lesves. As can be seen Iroo

Pig., 21e
d from egual Tresh-

where e¢hloroplast suspensions wers prepare

! green and gresnedeyeliow leaf-ilssues, the

chlovoplast preparations which were k

very little chlorophyll degradation, After E hours

erature, they still retain over 90% of their initial
ed to iight on
of thelp chlerophyll in 7 hours

ehlorophyll content, 7The suspensions expos

hend, lose sbout 50%

Similar results were cbtained when the ehloroplast prep
on eguel leaf-ares of green and greensd-

ow leaf-tissues {(Pig, 21b).







Fige 210 :Bleaehiz;g in chloroplast aquenaiem
from Peperomia leaves
{(a) = On leal»weight basis)

_ | Explained in text,
(b) - On leaf=area basis T

A B - Qreen leaves

A D « Yellow leaves
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Fige 22, Bleaching in Green & Yellow
Peperomia leaves (at 800 ft-c),
® - (reen leaves

0 « Yellow lezves.
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Fyellow than iﬁ\graan Peperonmla laavaa,“ﬁh@@ even the sompara~
tively lower chlorophyllase activity in the former tissue.
can @rﬁvaat‘graaaing in the yellow leaves, (i.e. if the
role of the enzyme in plants iﬁ*@ﬁlarﬁ§h311 &ﬁgﬁaﬁaﬁi@h}.
Though the action gf‘ahlérﬁyhgliaa& has been demonstrated
a&é@é~?ari@ﬁa‘aanﬁiti@na in mﬁﬁy plaats, the é@la of the
enzyme in #hlér&ghylivayﬁthagisliﬁ higher plants has been
ﬁl%ﬁ?ly &aﬁaﬂétrat@ﬁ in @ﬁly‘a Tew gaaé%.‘ Shimizu &ﬁé
Tamaki (1962) predicted inﬂr%aa@ iﬁ.@hlwrﬁghyliag% ae%iviﬁy
to be the main csuse of the yellowing of mature itobacco
leaves, but the resulits of thelr study ﬁigyrﬂvsﬁ that
essumption., A simllar result was reported by Gage and Aronoff
(1956), who found that chlorcphyllase activity was not related
to eﬁl@r@aia in s soybean mutant. | |
Sudyina, (1963) found
resberry, garden strawberry, spricoi, eherw} reduction
in the amount of chlorophyll in the fruit was 'connected’

that in various fruits (tomato,

with decreased chlorophyllase activity. This is supported
by the report of Shimizu and Tameki (1962), who alsc found
that deerease in chlorophyll eontent of mature tg&aiﬁ leaves

was caused, not by lnereasing enzy

me activity in the degrads-
tive direction, but by decressed activity of the enzyme in
the bi@ﬁynﬁhgtza Qathway,

In vitro, ehlorophyllase hes been shown to catalyse the

removel of phytol from the chlorophylls and thelir pheophyties,




- 695 =

but Willstidtter and Stoll (1910) were able in vitrg,

out both the splitting of phytol from chlorophyll, and the
‘back reaction of attaching phytol to chlorophyllide with
the formstion of chlorophyll.

Phytylation of ehlaraghyiliﬁ&
and pheophorbide in vitro, “
Shimizu and Temski {1963), using = purified preparation of
tobacco lesf chlorcphyllase and sdded phytol,

has also been achleved by

The sbove cbservations suggest that the normal function
of chlorophyllase may be the attchment of the phytol side-
ehain to chlorophyllide (also see Bogorsd, 1965b & o), As
reported by Ardasc and Vennesland (1960), it is only after
ehlorophyll has been removed from the lipoprotein (with
which it is normally closely associated in the chloroplast),
that it cen be hydrolysed by chlorophyllase. So though it is
possible to demcnsirate th@"hy@rﬁly%i@ action' of chloro-
phyllase byvﬁagaraﬁiag the aﬁ%atraﬁe from lipoprotein using
organic solvents (as is usually done in ip vitro experiments),

rivo fuaaﬁian of the snzyme mighﬁ not necessarily be

2 degradative one,

It is nevertheless clear, that the enzyme can catalyse

both hydrolysis and esterification, end by manipulating the
reacting system, the net accumulation of elther chlorophyll

or chlorophyllide esn be effected. (Bogorsd, 1965c, 1966b).

8o that though indirect evidence favours asssigni
phyllase a synthetie, snd not a degradative role (Bogorad 1965¢)

ng chloro=
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iwwolved in the

pyrophosphate

chlorophyllinee

Thus the results of chlorophyilsse scilv

ﬁ%ﬁ

Peperonis snd other plants rap o

%,

ppsdown e

sl

refiect ehloro ents. The

resulis show no slgnificent effect of iight intenality on
shiorophylisse setivity in Peperomls and Chlorophytus
{Table 6), nor do they show any definlite correlation

in shlorophyllsse sctivity §

in
teneity does Dol

greening, 1n Chlorophytum where

geen %o affect ehlorophyllasse =zetivily, the outer portions

of the yelliow parie of the va
low light intensitiy, while the yellow
gtill remsined yellow, (i.8. psria of

low light intensityl.

in Peperonls, Heders, onyvous snd Veroniea, though

light intensity affects chlorophyllsse setivity (es

by the efTect of dariness), no definite correlstion between

t the

hwillsase asetlivity

ants to green at

Mw
B

L
o
izfé?
wg
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low light intensity was foun Veronies show

Blight gy@%ﬂiﬁg, %%iig no evidence of gresrning hses yet been
found in @Qﬁxf;%&; &% l%@ Zight intensities, On the other

%@ﬁ&. Fg@@%ﬁmﬁ% zhows marked ﬁ?ﬁ@ﬂiﬁ% at low iig?% intensities.
Eiﬁﬁ& ?@ﬂi@fﬁ%ﬁ&% in éiff@?%ﬁﬁ plents zight ot be dus

te %kﬁ game defeet, even iT ﬁhl%fiwhyiiﬁ@& setivity were

f@gg@agikia for @;wﬁaﬁiﬁ@ yﬁliﬁﬁ ﬁi%@%& in some of the

sbove plants, 2% would not n%@@a%ayiiy %ﬁ £ ) %%ﬁﬁ %h& cauas

in ail of them, But fr&@ the sbovs éi%@ﬁ%%&%@g it can be
ssen that ﬁ%ﬁ?@ is no delinite gorrelation betwesn the
y of the plants

| &a%i%iﬁg @f the enzyme and v&riagaﬁi@ﬁ in an

&@&ﬁi&ﬁ%ﬁ. The one ya@iti?@ %@ﬂ%l&%i&ﬁ ghisgh e
dark to ilght

serges is

that aﬁ&ayﬁﬁﬁyii&a@ ﬁaﬁivi%y ingresses Trom

,a¢$xitigaﬁ iﬁ moat of %hﬁ ?ﬁ?ﬁﬁ@%ﬁ@ﬁ lsaves used here

the plants are in iighz, ges in the setivity of the

to bhe ﬁﬁﬁ%@@ﬁl%ﬁ %3 factors other than 1ight

nation of the chiovoplast suspensions

Hleroscoplesl exam

used for the bleaching experiments showed & few smell sterel

from green tissue. Apart from

sen tissue slso contsinsmore chloroplast

material per unit leaf-gres than gresnsd-yellow leaves,
sinee freshewelght/unit leaf-area is higher in green then

in yeliow leaves, the difference in solid material content

_ in green leef suspemsions end suspensions from yellow lesves

would be higher in preperetions mede on leaf-sres basis than




om egual leafeweights, This means

pended particles Iin the

oroplsst preparations will be higher in the blesching

‘experiments ¢arried cut on leaf-aree basis, Such an

effect (by inereasing opticsl density)s will lower the

rate of bleasching in green tlissue, and

effect i3 not of sulficlent magn’

ed in the lesi=sres experimentis,

owever suggest that
obsoure the effect of blesching., These resulta from the

it seattering

two typee of chlor

opleast suspensions, 88 well as thos

aves {(Fig. 22), all show that blesching

faster in yellow 1@@5%%%@%‘ Blesching is therefore not

the factor directly responsible Tor preventing ehlorophyll
amalation in the ghloroplasis of yellow Peperomia leaves,

But, 28 has been polinted out sbove for chiorophylluse
gotivity, 1%t can prevent greening in ﬁwﬁ% with a lesion
which markedly re
. It has been estsblished (st least in terms
that @h&@mhﬁ% degradation cannot be the direet csuse of
romia leaves, If some Pe
@bove 200 fi-c, then unless no

&t 81l &t nigh light intensity

nees the rate of chlorophyll formation,

of blsaching ),

peromis leafl-

variegation in Pep

tizsues
ghlorephyll is form

gppear yellow

ad in them

{and this is not likely - see page 36), it =must necessarily




2f ehlorophyll &g&t&&aﬁﬁ in these

dation

~ tissues is too low
at light inte

to eope with ehiorophyll degrs
iities ﬁﬁ,@@@?‘f§% f%«@. &n sttenptl has

made to test the sbove hype
the rates of chdore %ﬁk':

Peperomls lesf~tissues., This 1s reported in the next Sect:
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!H?Em

have ghown thsl a very important step st whieh %ﬁ*@?’%@hﬁii

synthesls cen bs controlled is the suceinyi-Coi —>ALA
resction, c¢etalysed by the enzyme ALA synthetese, This

msens thst results obiained 1

hylé intermediates (snd thersby eliminst:

?‘%&%? ister chio
iesves ), will not give a true messure of the normal rate
of ehiorophyll synthesis in Peperomia lesves, Hence the
cholice of glyeine ss the lsbelled substrate for the radi

chenism, if 1t opereates in Peperomia

sbuve sontrol me

setive work,
It has been established

of glyeine can be utilized in protoporphyrin aynthesis in

3 (Delia Rosa, Altman & Selomon, 1953), it

that while the cerboxyle-carbon

does not participste in the biosynthesis of protoporphyrin
end svien red blood-gells, (Grinsteln,

salisn tissuves

. Hoore, 1949), The x=carbon of

shown to be uiilized in both plsnt end |

tissues in the formation of protoporphyrin, the tetrapyrrole

ﬁz’?@img S5

of chlorophyll snd haesm, @13@1%2*‘%% was therefore
diosetive work reported in this thesis.

From previous experiments (psge 33), cultured Peperon!
lesf dises were found to
he semiesolid agar culture with the sbaxlal side up (l.e.

root only if the dises were put in




- ?& -

m ether and
e - , iigher If the discs were incubsted

cbaervetlons the

2.  METHODS

smeter) were ineubsted on filter
dte's (1943) selution,
i giyﬁiﬁﬁmﬁwikﬁ in 2 total volume of 3 mil,

30 lesf dises (7 mm, 41
peper in a petrl dish contsining ¢

The dises were cut from sl leaves snd were soried out
such that eseh of the petri dishes ussed in zn sxperiment
2qual nuobers of discs from each of the

ssed, thus elimineting differences introduced by

using different leaf-samples, Ineubsticn wes done for 2L
hours =t %@ﬁ with 5 pes; or 2.5 jice wﬁiwﬁumﬁy snd sll
iight incubation was at 20 ft-¢ and in 1llght regimes

mentioned in the resulis,

30 éises Trom

each

the ineubation pericd, the

petrd dish were itransflerred into 2 small besker and

washed about elx times with water, They were then thoroughl

ground in eold 85 scetone plus 0,2 mi, smmoniunm

{8ps, grs 0.880), and filtered in = Buchner funnel, a total




o ?? £

of 30 ml.of acetone being used for eseh extrsction, 7The
filtrate was trensferred into a separating funnel containing
10 ml petrcleum ether {%Qw 80°¢) ana gently washed with

water, The scetone lsyer was emptied out inte 2z 50 mil.

measuring eylinder snd the petroleun ether fraction washed

twlce more, the water layer from easch weshing being added
0 the sceitone layer,

The petroleunm ether layer was then

separsting funnel into 2 amsll specimen tube snd

to dryness under vecuum, It was then dissolved in 1 ml.

petroleun ether {6@%«« 7 4

specimen tubss and evaporated to sbout 2 ml. over a waler

bath, The four samples were then evaporated to dryness unde

vacuum, {(This procedure was necesssry becsuse of spilling

of the seetone fractlon if this water-acetone solution was

directly eveporated under vacuum,)

soluble leal ressidue left after filtration

ed into a 50 ml. quiekfii round-bottomed flask

hydrolysed rechlorie seid
mid-bath for sbout 2L hours, The resuliing protein

hydroclysates were filtered {using s vhsimen No, 50 Pilter

The scetone-in

was tranafer:

under reflux, in 40 ml 6 ¥ hyd







- T8 =

is up to 2

sbout 30 ml, water sn

peper), washed with

s 5 ml-samples were messured

final volume of 50 ml, Thre
out into specimen tubes and evaporsted to dryness under
men tube.

s dissolved

n procedure iz shown

on 4 em, strips of
radiosctivity in each spot determined as counts/100 sees,
using an l.DsLe Chroas
gnd Resd-gut uniid,

r in conjunction with

topram Scanne

an lebsl. Progr and I+D.Le Gealer

1760 and sn Addo=X print-cut unii, so that the count

resorded directly., 7The efficlency of the scanner we

Sl he sversge counts/100 secs, of the 2 determinstions,

obtained by
wnd counts )y the totsl activity/30 leaf-discs, in

was calculated,

om eaeh spot (less the

adding up the ecunts I3

gach of the 3 frections
The setivity in the verious compour
w8 simllarly determined aflter

xls in the petroleun

ether and ssetone Frastlon

hic sepsration of the compounds in eseh of

emples from each fraction, The chrom




were eut into sirips & em, wide, and

the counts/100 secs

for every i inch of

¢h strip determined ss alre

é@%@r@%@ﬁa A plot of counte sgainet distence revealed
redlosctivity slong the length of the chrome

togras,

stography of petroleun ether fractions wes Aone

ribed for chloroplast pigments in Genersl

wag earrisd out secconding to the method deseribed
anol

_ and Esstos (1964), Water, n-but
scetiec seid {131:0.11) were shsken together :

gnd gleeisl

gllowsd to

geparate into two %gg@?%. The lower layer s used for

satursting the ely

matogreaphy eheaber and the upper layver

for development, The sanples were spoitted on Vhatasn Mo, 1
peper, 23 x 28 cmy the peper was stapled together at ithe over-

lapy, and efter saturation in the ¢h:

bery it wes developed

(smcending) at 22°¢ 3 2% for sbout 7 hours.

sing thely ved Tluorescence in ultreeviolet ligh

t

rvins from the 'scetonesfraction chromstograms'

were cut off and eluted with 807 scetone, The method used

here was that of Clm & . {1951)., The scetone solutiom




was concentraied by evaporsation and spotied on

hataesn Ho, 4

paper 12.5 z 14.5 om, the psper stepled intc s eylinder

and eguilibrsted in & chromstogrephy chamber satursted with
;s X 2, B o ;
ghlorofomm. Development at 240 3 27C» was with L ml,

kercsene s

2,6 ml, ehlorofors, and 1t continuved until
the solvent-Tront was sbout 12 ea. Tyrom the besal line

{sbout %0 mins. s The peper wes itsken out, and after allowing

to drain for a Tew scconds and merking the solvent-Tront by
. , ” ) e ~D
peneil, 1t was dried between %ﬁ%ﬁm 11¢7¢ for sbout 5 mins,

agnd %&ﬁﬁ,@ﬁﬁiﬁﬂ to por

m temperature, It wmes then sguilli-

Brated in 3 sesond chasber ssturated with Lerosense
2

developed {in the ssme direction ss before), with s mixturse

sene and 1 ml. iso-propyl sicchol, The paper

vhen the developing :
gscended to the same Pront a5 in the first chasbe

walk agaln dried,

The chiloroform used here was washed 3 tines over waler
gnd dried over caiclum ehloride, and the kerosens redistilled

from commercisl paraffin between 190° ana 280°C,




Se

The 2“%%@1’2@ of im&%ﬁ ting %@ﬁ%ﬁ@ ieal dilses in 3 mi.
8 @%ﬁ@i&iﬁ%ﬁ ;ﬁ.ﬁ ar 5 fzzz g%ymmmﬁﬁ% gt 20 Tt=-ec are
shown in Table 7 end Flg, 25, Bech medium in a petrl dish
ad Eg ieaf discs, The aim of this trial

experisent’

sne earlier, was to find
P PN T

~niﬁy§¢wW§%ﬁ high encugh isbelling in the

eomparison of the rate

varicus leal fractions, to

%f ghiorop
fessible,

hyil synthesis 1ln gresn and

of' 2y hours

3 iﬁ;&%@@% % ‘hours, sn incubstion peried

the refdicsctive experinsnis, This wes because

g2z about the seme glter

5 relisble date for comparing the

sigeentes in green and yvellow leaves,

led glyeine in
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5 mle of solution was found to provide high encugh asctivii;

C“’

o

bion

[N

in the various leaf fractions, Ineubs in medis with
twice thé above specific activity {ﬁtpﬁfﬁ wul) increased the
activity in the petroleum ether fractions, but did not
produce a significant incresse in lsbelled chlovophylls,

. - . . . . 1
The incubation medium was prepared from 100 pe glyeine-2- o

with specific aectivity of 2@7‘ﬁcfmg.

Teble 7 shows very high labeliling of the protein
fractions, The petroleum ether fractiocns (which contazin
the chloroplast pigments) show comparatively little activity,

and the greater part of this (over 809 ), was in a yeilow

]

=

spote From iits position at the solvent-front on 2

chromatogran of the petroleunm ether fracticn {¢ in Filoe 7
g B J

and from its absc

é—f@

tion spectrum {Figz., &), the yellow spot
must be caroicne, The labelilng of the chlorophylls present
in this fraction was barely sbove background level,

Chromatography of the acetone Trsetions Trom the lesf=disc

extraets in the trial experiment (Fig. 25) shows pesks of

o

activity which have been identifisd as follows.

F%Y,

The acetcone fraction }oulm contaln aminc aclids, and the
early precursors in chlorophyll bilosynthesis. From Filg. 29

[43

(discussion on page 87) sspartate and glutemate asre

gelds which will be readily lsbelled in the disecs incubated
; . - N . . g e
in glycing=Z= uC, ALA, the Tirst identifieble porphyrin

precursor might also be laebellied; and there should be sonme




Fig. 260
Chromatography of smino secid and ALA markers.

(or = origin; Sf = seléent front;,Gly = Leglyecine
Asp = Lesspartic acid; Glu = Le=glutamic acid;
ALA < ALlA-hydrochloride).

Berlin et 8l (1956), using butanolewater-scetiec
acld as 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 maﬁkers'(ﬁig.r26), the peaks in the

chromatogreme of aceione fractions from incubsted
Peperomia lesf discs (see Fig. 25), were tente-

tively 1dentifled as follows:

Gly = 0.06 = 0,08

Amino 0.0L = 0405
? Acids Asp = 0.04 = 0.
| Glu - 0408 = 0.1
i
1 II ALA = 9_-2 - 903

III PBE = 0.5 = 0,6
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giﬁ%&%ﬁ%% and Ald were sll lsbelled. The identity of other
ighelled smino scids was not investigstied, nor wee the .

identity of the spot in the sbove el

Chromstography of the eluste of the porphyrin spot showed
that %iyﬁiﬁﬁmgm%&%<?z;«‘l, sbly - g ‘ k
porphyrins in the @ﬁiﬁfiwﬁyii‘%yﬁﬁhﬁgia‘gﬁﬁhﬁﬁy {Flge 27)s
] fﬁ the ldentiiy of the lsbelled compounds

ed into some

sbove {espeeially PBG) is not &ﬁg&a& ggeaﬁi@@, thars is sone
evidence %o suggest the iﬁ@ﬁ@yﬁ@ﬁﬁiﬁﬁ of labelled glyeine
into scume ehlerophyll @?@%ﬁ?@ﬁ?3¢

%

Aetivity in the acelone fraction after 2L hours ligh

in@&bﬁ%igﬁ~gf'g?%%& and low lesf dises in lakﬁliﬁﬁ'glyﬁiﬁﬁ

‘his shows -t
of glyeine-2-'Y¢ into ala, and porphyrina (identified
#8 sbove) is higher in green then in yellow

is shown in Table &,

st the total imecorporation

lesves {by sbout




,% ?@zg 3

{*ﬁ%&. yr&ﬁﬁﬁﬁaﬁgyk

%%%@ﬁw in scetone
} f ?%ﬁim

smine selds

Total %

after 2, hra. light & 2 hrs, dark incubstion
speronia leaf discs. ﬁﬁ :

Green & Yello ‘
245 pe. glyeine=2ellg,

dipsctivity {counts/sec./30 &

ﬁgﬁ is %ba gversge {rom two
experiments.
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Amino seid {eorresponding
$0 keto=acld imvolved &
transaninetion}

@@i}%ﬁ%ﬁﬁgﬁﬁﬁﬁ + Coh
{mallc aeid)

-2 [H]

ﬁ%ﬁ.ﬁx@.%goﬁ%ﬁ

{oxaloacetic acid)

- @%E

CO0H, ﬂx@. CH
(pyruvie acid)

=0,

¢+ Coh

k4

Terpenoids «————levaionic mmﬁ«-——-%ﬁ.ﬁx@.gm&

(1abelled) (1abeilea) (acetyl-Con)

Incorporation of ‘52;@ from glmma-—ﬁw%ﬁ

into terpencids (C* = ‘1%@ )
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The e

lesves is highly plsusible. Cohen-Bazire f

heve reporied thst in the nop-sulphur purple bacteria

{Athiovhodacess ), ayntheses o

‘appesr to be linked and sre affected by both iight and

oxygen tension. Under a

roblie condltions, ingresse of

ity ceuses an lmmediste guppression of pigment

synthesis while decresse of light intensity lmmedlistely

goeglerates plgnent syntheslis. Under serchic sonditions,

wntly and

e plgment synthesis is pers
almost completely suppressed at @%&ﬁ%@%&?ﬁ@vﬁxgg@ﬁ teneion,

only eercotencld synthesls containing, 8t an extresely low
rate,

1%t has been reporied iz fection 11 that gresning in

inteot yellow

Feparonls leeves tskes place st low light

intenasities, {Uﬁﬁ%ﬁ such conditions, though not soumpletely
aneerobls, if Peperoals in feecl garries oul succulent
metsbolism, Oxygen tension will be very low in the leaves ),

Decresse in chlorophyll gontent with ineresse in oxygen uptske

in Seetion 111 {see

in Peperouls lesves hes

Table 5). In the rediocsetive experinzents tou, where cul-diacs

also been reportsd

of Pesperoois lesves were lncubsted in @Z§ﬁiﬁﬁ”ﬁW%%@§ highesr
ievels of setiviity were found in terpenocids relstive to
ghlorophylle, Singe all the sbove resulis fros the present

investigetions are in very close sgresaent with the Toregoing

report of Col

en~-Naglire gt al., it sppesrs ressonsble to




#uggest thet 1% could be the incresse in oxygen tension,

the result of cutiing out leal dises, which suppressed the

incorporation of lshelied glyeine into ¢hlorophylls.
it is clear from the sbove discussion that the redio-
active work reported in this Section could not provide a

ure of the rate of chiorophyll synthesis in green

smis lesves, OUne moleculs of chlorophyll
sontaine 8§ X=garbon atoms from glycine., It wss therefore
expested that incubstion of Peperomia lesf dises in

L
glyeine=g- ¢

would result in high labelling of chlorophylls,

But from the result of the experiments, very litile labelling

of chlorophylls scourred,

The above discussion of the work of Cohsn-Bazire g

in reiation %o some of the resulis from

the work reported in
this thesis suggests (as siready mentioned), that a possible

explanation for this unexpected result could be high oxygen

tension in the leal dises., Purther work is necesssry o

aspess the vallidiiy of this hypothesis, 4 possible approech

will be to prepest the reliosctive %Z?@?@%%ﬁ%ﬁ using inteset

lesves instesd of lesl discs, or to incubste leafl discs in
varying eoncenbrations of oxygen. 17 high lsbelling
gould be agnleved then rates of the syntheslis snd degradation
in Feperoala lesves might be direcily messursble by short

term experinents,.
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. @sppearsnee ls the result

of different relative ratics af the plgments they form, Botl

?%11@% and normal green 1@@%@@ start ofl 3@13@%; and they
%@%% gshow %ﬁﬁﬁ gﬁ@%ﬁiﬂg in two o %@ﬁ%@ %ﬁ%ﬁﬁg whethey %%ﬁy
are ﬁﬁy% st high or low light imﬁ&n@itiﬁa. But vhile
shilerophyll sccumulaztion continues in normsl green lesves
gt high or low light intensities, %ﬁlﬁ?ﬁ?hﬁii secumudstion
sontinues in E%El%@ tissues only at low light 3&%@%&1%ﬁ%@0

It thus sppesars that yellow tissue is capsble of

gccumuliating chlorophyil, but that after sbout three weeks,

this ecspacity 1z affected by 1light intensity {i.e., bigh

iight intensiiy decresses the rate, and viee versajs

Acousmuletion of chicovoplyll in sny tissue is a balance

hetween synthesis and degradation, and it has been shown in

both green and yellow tissue at high light intensity, that

degradation progeeds at sbout the senme high rate, In terss

of total ‘chiorophyll precursors’ formed {st low light
intensity where yellow tissue can sccumulaite ehlorophyll),

the rate of chicrophyll synthesis is higher in green than

in yellow tigsue, Thus il the sbove provides a relisble

messure of ehlorophyll formstion in Peperomia lezves, then

gt high 1light intensity, while the rate of chiorophyll

syntheais 1z high enough to make plgment sccusuletion




possible in gresn tissue, the rate of ghiorophyll synthesis
ed with the high

is too low in the yellow tissue compar

ioen rate, ito pernii chiorephyll secusulstlion.
An sttempt to find out if chiorophyliese activily was

8 lesves showed thst

responsible for verlegstion in Peperoal

the activity of the enzy Yivg was probably conterned,

degradation, but with ehiorophyll

ing Peperomia leaves which have been found to

en on 2 shoot were found to show higher
as
activity of the &

byllase ectivity then older lesves, Thus since the
vme was found to be higher in g@%ﬁ@ than

in yellow lesves, it is possible thet chlorophyllase @@%3$%%§

mught be & factor controliing chlorophyll content in Peperomie

leaves, lneresse in sctivity resulting in high rete of

chlorophyll fommation, rather then sn incresse in the rete

of ehioroph

yii degradation,

An sttenpt to determine the relative rstes of ehlorophyll

synthesis in green and yellow Peperomls lesves was nof
successful .2, 1t wes not possible to get 8 dlreet measure

of %h@ gynthetie

rate in terma of the incorporstion of

into ehlorophyllis., 32ut using totsl activity in compounds

hromatography, chlorophyll
formation is st lesst 14 times faster in green lesves,

But in view of

the vary low ¢hlor

ophyll eontent of

yellow lesves and the rether high rate of hl@%ﬁhiﬁg(ﬁﬁwgﬁgﬁ%

with bleaching in green lesves), the normal rate of




chlorophyll formation micht be lower in the yellow, or
nigher in the green Leswﬂﬁ) than was suggesited by the indirect

method used to determine it, But whether it is lower in

yellow or higher in lseves, it appzors thet the

chloronhylls formed in the yellow lesves break down too fast

at high lipght intensities {0 make thelr acgumulsiion possible,

e

Greening of yellow Peperculs tissue at low licht intensity
might therefore be the resuli of decresssd blesching.
The ehloroplapis of greensd=yellow Pepevomia leaves have

been found not to become as fally difterentiasted ss those of

,

[y

&

.

W
12

4

tis sl

nomisd gree

i

though the chlioruphyll thsy form

nas been shown o be photosynthetis., It is thus possible

thet the lesicon in the yelliow ftissue w 20he chdlovoplast

[T

dilferentiaiion This means that the defect either direcily
affecta both cﬁlawayla&t differentistion and rate of
chlorophyll synthesig, or indirvectly affects one of these
two procesases through its effect on Lhe others

"Restrietion of porphyein metsbolism in higher plants
through plasitid development is 1llustrated by studies on
barley mutsnte albine 7 and xanths 23 which have only partislly

develcped plastides, Seedlings of these varisties produce

nopmed anounts of plgment when supplied sspartete or leucine,

respectively (brikeson et al,, 1961). 'hese observations

alsc illustrate the intsracilon between cellular mctivity

levcine metsbolism, znd
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plestid development with aitendan

t chlorophyll synthesis®

s 1965¢ Js In other words chloroplssts are sensitive

indieators of the stste of health of the plsnt cell, snd

‘some mutations which set primarily on gellular processes

Another e

is = recessive ¢ gl, 1962},
In such minsral deliel
_glear whether the primsry effTect is direstily on the pro-

duetion of sn enzyme

ency ehlorosis, it 1s generslly not

of porphyrin synthesis, or upon plastid

development in genersl,

n the induction of complet

‘@ifferentistion in yellow Fsperoml

“identification or chersgterizstion of thelr leaf protelns

‘might help to rescive the nautre of the def'eel ccourring in

these lesves, 7For such and other studies, pure or unifom
tissue would be invelusble, 4n ideal materisl will be csllus

tissue, but since this hes proved very difficult to induce

in Pepsromis lesves, the satsblishment of lesal dises in

sterile culture sppears

1o be the only resort. Studies

ef with changes which teke plsee over short perieds -

gan be done using leaf 3iscs beceuss they can be easily kept

“gterile for a week, and some, even for periods of two %o




- G4 -

Apother useful and

more direst method of spprosch cen

‘be suggested for future work., If

mieal, nutritional

pditions whish can induce the develop

ment of normal plestids in yellow

tissue can be found, this

might slso throw soms 1ight on the problem of control of

ehioroplest differentiation, Oince greensd-yellow Pepercaia
ieaves show incomplete plastid development, such studies
might slse help to explain the sechanism controlling

ehlrophyli synthesls in Pepercalis lesves,




hich might bs sultable for fubture
udy of chloroplast differentistion is deseribed her

An interesting problenm which came oul during the sourss of
the work hes also been outlined,
In the tiasue

-culiure experimenis, ac

inteined in sterile eulture long enoush

me yellow Peperoalas

iesf disecs were ms

These diges greened whether they wers

emieaolid medis with thelr sdaxial or their

: By

roots which were

found to be produced by these greening dises only oecurrad
if the lesf disce were placed up-side down (i.e., sbaxial

gﬁﬁ?‘f%ﬁﬁ% i :?l %:ﬁ% goms ofF these

rootedy greened, yellow

discs were transferved into soll in pots mainiained in the

roof light cabinet at sbout 300 -0, they produced new
%ﬁﬁ%@%i

The lesves of ¢

ene ‘new planis' staried off yellow

ved like the lesves of noruel green planis in greening

8t the shove light intensity. But unlike nomal green plania,

thelir green lesves later becsne aore severely bleathed,
{Pig. 30). Chloroplest development can be studled in these
*new plants® and if

2l plastid formation is Tound to be

sible here, then these 'new plsnts® will be idesl for

studies on the control of chioroplast differentistion and
possibly slsc on the control of chlorophyll synthesis in

Peperomlia leaves,




Anz. 30 Peperomnia plnni developed from
yellow leaf disec.
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@mwmﬁ
ner, 1950). B

the succulent mesbers of
%&@ above fﬁ%ili%@; it is %@@@ lix@ig that Peperomia also

gﬁm%@ g%@ﬁ@&iﬁﬁ@%@Aﬁﬁﬁa&%liaﬁ. i%ﬁ&%ﬁl%ﬁ@ glﬁﬁ%& are &

%ﬁiﬁ

ﬁ@“@h@lﬁgi@%a rather @mzz & tazo Bormer, 1950 },

ﬁ@%@rﬁ;ﬁg to Ranson {%Qéﬁﬁg %hay% is ﬁﬁ“@ﬁm #%1&%&&@

3?@&@ -

that @eiﬁ ayﬁﬁh@ﬁiﬂ %g 3@%@&1@&% ﬁi&%@% {%&i@h sccwmilate

ﬁﬁi&&%} 18 thp QA4 Q@%ﬁ&ﬁ%@; when PEP is %%?%ﬁ%gi&%%m

ury e %}?3@ agene; V' é%@iﬁ”%tﬁ of %@ﬂ?ﬁn m‘z

@ ﬁyﬁi%

i@ﬁ%ﬁ% i%@ll&% and Venn

%%ﬁﬁa Dobys %%%3. A8 h
%kg i%ﬁ%@%@&&%i%ﬁ of %ﬁ from
ﬁﬁwiﬁ/ﬁﬁ %ﬁ@&@iﬁ@m if decsrpoxylation of 044 or malete tskes

: %%&ﬁ postuleted in Sestion V,

%Q%

glyeine-2- ¢ into terpenoids

plece in the incubated leasl dises. Thus Peperonis should
possesses sn oy . system for the decerboxylation of A or

malste and the reversal resction necessary for scid synthesis.
gtudies

to find out if aseid ﬁﬁ%&%@iﬁti@& is possible in

and @h&ﬁ these aecids are, will

grd in

in the Piperscese t00,
particular,
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