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ABSTRACT -

To further explore chloroplast developmbﬁt_and to extend the.

b

dlscription of the virescens mutant of Gateway barley the

changes in acyl liplids, pigments and acetyl. CoA curﬁoxylase‘

actlylfy in developing seedlings and chloroprsts of the
matent (M) ‘and Gateway barley (N) were studled. éplcal 3cm
’ o

leaf segments were extracted with chloroform:methanol, the

extracts were purlgied on Sephadex G-25 columns and the
polar lipids were separated on 2D, TLC sltica gel plates. The
pigment remaining on the Sephedex column was identified as

flavonoids and &a 2zone on the TILIC plates which did not

corregpond to the usual standards was jdentified as graminee.

$

dﬁantlfication of acyl lipids by elther polar head group

anelysis or fatty acid. analysis using a C:l] internal

standard gave gimiler resulté. The .percent of the total
lipid extract that was quaqtlfied for thélu at 4, 6 and 8
days was 46, 53 and 65% respectively aﬁd for the N tﬁf
va lues were’ ;0. 61 and ©68%. ot _tﬁese,' acyl tipids
represented 37, 41 and 48% in the M and 50¢143 and 47% in
the N. By 8 days mono- and di—gx{fgtosyldlglyceride (MG,DG)
accounted for 45 and 25% of the tofal’acyl‘llpid of both the

M and N. For the period of study thi's represented a 4~fold

increaese in MG and'a 2.5-fold increase in DG in the M but

only a 1.8-fold increase for MG and DG inmn the' Ne These -

increases were closely correlated with the increases in
chlorophyll. Chilorophyll increased shﬁrply bpetween 4 and 6

dayse for the N, whiie ‘in the N it rose from 7% to S0%

iv
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‘relntlvg ‘toy the normal by 8 days. The prOportions o{ the

Qariodg, fﬁtty qcldg’were unique tor the 11pid classes. The ' §

onlty: major’ qpﬁntltativé ‘change tér 'u“fatty.apld wds‘for,‘
I, N » . . ‘_ . I‘ i .

ﬁ£§::ecanoate 1n phosphatldyl-glycerol which increased from i .

5% at 4 days to 55 to”30% by 8 days. Relative to the N the

carotenolid contenf of the M 1n¥?eased from 14 to*SO% between ’

'

4 end 8 dd}s.ln poth the M and N the 1ncrensee 1n.B-carotene
2 ")‘- & AN

-

and chlorophyll were closely correlated. .

3, h . 4 :
Ace%yl CoA carboxylase ‘activity was determined in -«

e,

tissue homogenates -@nd chloroplast prepabations.( I1ts’ -
activity 'was gnulyzgd as the acetyl CoA 'erendent- : v
incorporation of ‘1"—b1caébonate 'lnto an acid stable

product. The absoluyte requlreﬁent for ATP and MgClzy, the .y
V "~ - B

comple te - 1? ibition with avidin and end product analyses
, o

were  consijstent with the presence of acetyl CoA carboxylase

.
'

activitye. jttle difference in activi ty was fqpnd'betveen M ' e

and N tissue hqmogénafes from the 1 té 3 dg§ stagés dﬁrlng ' :’ ji
- 7 , E ¥ S . ¥
which period both shoied a 3-fold increase. However, by 4 ‘

deys the activity of the M exceeded that of N.'Fractionatlon ,)
studies showed that the enzyme was a soluble protein present -

in ‘the stromal—~£gactlon. of chloroplasts. leewlse biotln

content was also hlghest in the stromu, although 1t was

o

found in the lamellear fraction gsﬁ;elltrfor both M and N the

highest ecetyl CoA carpoxylasé acfivltles were obtained in

_stromal prepargtlons from 4 day seedllngs. These were 52

nmol/mg protein/ min for the M and 31 nmol/mg protein/ min -
for +the N oand they represent the firset data showing

appreciaeble acetyl CoA cerboxylase uctiﬁ%ty in any

chloroplest preparation. . . ' o
- PR . o
e v L
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I. INTRODUCTION | "

v
Studies on a virescens mutant of Gateway bar}ey have '‘been
pursued in this laboratory for' a numbe r 6f years. The
mutntlon' was clessified as the vlfescens type according to
the scheme outlined hy Gustafsgon, Walles and vén Wettsteiﬁ
(1962) as reviewed by Walles (1971), ;gls scheme is based on
fhé chloroplast rhenotype in which the symptoms ‘nre a
re&uced .amount of chlorophyll. The virescens mutants differ
from the more frequent 'static? mutations in that the
gene tic lesion- appears to be self-correcting since the
1eaves‘wﬁlch are initially éhlorophyll deficlient slowly tuern
green as the leaf develops, although they are still somewhat
chlerophyll deficient at ma turi ty. Leaf ul trastructural
_sfudies of Gateﬁuy burlef and its virqscens mutant reveal a
general time lag in the mutant in the developmert of the
chloroplast internal membrane system (Maclachlan and Zallké
1863; Jhamb and Zalik, 1975)..The incorporation of U-1l4C
leucine into a leaf protein fraction was less efficlent in
the mitant at an early groﬁth stage sﬁggestlng a lower rate
of protein gynthesis ( Sane and Zalik, 1970). Also plastl?s
‘from young mutant leaves were found to be deflclenf in some
membrane protelin bands which were present in the normal of
cotresponding age. Hoﬁever as developmenf progressed th;/
proteiﬁA.gel patterns of both plant types became similar
(Jhamb end Zalik, 1973). The photoreductive activities of

the mutant plastids were also initially very low but reached

normal levels which corresponded  with an increase in the
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chlorophyll content and fhe .form;tlon ofAvellvdevgloped
grana (Horak and Zalik, 19755. fBe initial pigment
deflcienéy of .the virescens barley vls suggested not to
result from &a blockage in the bioéynthetic pathway of
chlorophyll .slnce vthe addition of S-amlnolévulinlc acid
increased the amouﬁt of chlorophyll to fhe'sane extent in
both ‘the normal -and mutant ( Sane -and Zalik, 1970). Low
éhlorophyil content which is not due to a blockage in
;hlorophyll synthesgis is common to many pigment deficient
matants, The deficiency is suggestéd‘t; be one of severa}
plélotropic rgépqnes resulting from thé failuré to make a
specific gene product that is requi red for normal
chloroplast formation (Glllh;m €t al., 1978). Ever though
the sfudy of the pfimary lesi on is cbmpllcated by the

plelotropic effect, the virescens mutant is of faterest in

v
-

structural-func tional analygis and developmental studies of
the chloroplast and provides an additional system to the
frequently. used greening of etiolated seeélings, growth
ﬁnger intermittent light and membrane fractlonétlon'studles.

The virescens mutation was shown to be due to a single
recegssive gené which glves a Mendellag patiern ot
inreritance, suggesting the gene affectéd_was_located on
chromosomes in jhe pucléus (Walker et al., 1963; Steph#nsén
and Zalik, 1971). Although plastids contain their own DNA

&

and protein —syn{heslzlng system‘, several genes concerned

with their development are inherited in a Mendellan tashion

and many chloroplast proteins are found to be synthesized on



cytoplasmic ribosomes (Ellis, 1977; Kung, 1977; %@ilpam et
_ : , )
aley 1978; Yoshida, 1979). It therefore appeara the

ay

formation ,0f .the chloroplast involves a complex Integration

-of the vexpression of\genetic information present in both the

plastid and nuclear genome, This mutapt is thus alsa;éi
interest in the study of intergenome'coopepatlon dur{?g\
chloroplasg formation. o

.The literature review will therefore covér studies
internal membrane system including both membrane
fractionation techniques. and developmen tal studies.
Reference_\will als&l be wmade to studies dealing witﬁ the
cellular location .and origin of tﬂe prqtelns involved 16
mewrbrane Syn;hesis. Thesé will include the blésynthesls of
‘to}akoid proteins and enzy;es assoclated with the
hiosynthegls of pigments and lipids. The review wlll'deal
primarily with studies on higher plants, also the areas
perta%nlgg to the lipid composition and acetyl CoA‘
carboxyluseﬁenzyme will be covered in more detail.

Since the chloroplast piaysf’a very active role in
cellular 1lipid metabolism and displays an unl&ue acyl 1lipid
content‘ it v§sv of intefest/yo.study thg lipid c?ntent and

acetyl CoA;carhoiyiase activity to further characterize the

virescens mutant.

pertaining to the structure and funcflonfof the chloroplast .,
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Thus the research part of the thesis is dlvi;ed into twé
sections, the firgt dealing with the acyl lipid and pigment
composiflonal changes associated wlfh the developmen-t of thé
?afley eeedlings; The second section 1} a study of acetyl
CoA carboxylase activity in developing barley seedlings and

isoleted plastids.

( | .



II. LITERATURE REVIEW

A, Overall Structure, Activity and Composition of the
Chldroplast |

L . .

The mature _chloroplast in higher plants appea;s lens
shaped witg an average diameter of agout 5 um (Kimk, 1967;
Bogorad, 19753 Larsson et aley 1977). E}ectron mlcroécopic
ocbserva tions of thin sectlions revealed the plastid is

' ~
enclosed by two envelope membranes separated by a space of
approximately 20 nm (BoarQEan et’'aley 1978) and contains an
internal membrane ﬁetwork that gppéars to be por%&ons of
flattengd vesicles or thylakold seen in cross section. In

severa} locations within the thin section many thylakoids

are stacked upon oné another and thesde reglons are joined by

- single  unstacked thylakoids (Kirk, 1967; Park and Sane,

19871). The stacked regions are termed érnna whereas the
uhsfnéked regions are referred to aé the stroms lamellgey
These terms are suggested to have arisen from e;rly light
microscopic observations in which small dots or granules
were observed within the mature plastid (Granick and Porter,
1947; Muhlethaler, 1971; Bogorad, 1975). The chléroplaét
internal membrane system is often referred. to as vesiclés,
thylako;ds 6r lamellaee. Several workers have attempted to

define ‘the three dimensional arrangement of the stroma and

,Hg;ahauLTaméllae (Park and Sane, 1971). A recent model, based

primarily on electron 1n1cboscopfc 6bsér&ationb»'of thin
. o 3 - 4 . A .

-
v

,s i -AJ. -
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sections, suggests t%}t thé internal membrane network

constitutes a continuous membrane enclosed cavity (Park and

Sane, 1871; Boardman et gl.,-1978).

[N

Plistogloﬁuiee -are also a characteristic chloroplasf
. : -
constituent, They are often referred to as osmiophilic

globulgs due to their strong staining reactions with osmium

tetroxide. They occur within the stroma matrix and can be

~

isolated free from the lamellar network by mild sonication
(Greenwood et pal., 1963; Barr et al., 1967) or by needle

valve disintegration (Bailey dgd ¥hyborn, 1963) followed by

high speed centrifugation. Their lipoidal content makes them

less dense than the tamellar networke. Isolates from
deve loping leaves were found, using silica gel
- o [ N

chromatography, to contalin - high amounts of chloroplast

8

quinones such as;'plaétoquinone, a—tocopherolf a-tocoquinone

.

and phylloquinoﬁe andv to lack carotenolds and chlorbph;ll
(Bailey and. Whyborn, 1963; Greenwood’gl_gl-. 1963; Barr et
Bley 1967; Lichtenthaler, 1969; Lichtenthaler, 1969b). The
number and size of plastoglopuleg increases with the age of
the leaf and in senescing tissue the dégenerating
chloroplaéfs . have predominantly large plastﬁglobules-
(Lichtenthaler, - 1969b; Freeman et #L. 1978 ), which contain
carotenoids in - add{tton to the plastid . quinones

-

(Lichtenthaler, 19695).
Photochemical Activity

Studies during the  1950'sg’ (reviewed by Arnon, 1977)

s
K



established that the isolated chloroplasts were capable of
complete photosynthesis, that is the phofoassimilatlon of
CO2s Trebst #1 glf (1958) physically separated the *light!
and ‘dark! reactiops by 'high sbéed centrifugation of
osmotically disrupted chloropiasts.>\The pelleted membrane
gsystem, which contained all the chlorophyltlt, had the
pétential to forQ 'asslmllatéry power'! upon illumination and
when added to the soluble stroma fraction was eble to resume
the CO, assimilation reactions. During the early 1560's the
energy rich. produc ts essential for the conversion of CO;
into organic compounds were 1denfified ‘as NADP, ATP and
reduced ferredoxin (Arnon, 1977 )s Thus 'the enzyme systems
forlithe light reactions providing the photoreductive and
photophoeﬁﬁorylation gctivlty are membrane bound while those
agsociated withl CO, fixation are present in the soiuble{

fraction.

Chemical Composition

The complete chemical composi tion of the éhloroplast is

difficult to estimate due to the ease Qlth which the water

soluble proteins are lost during isolatione. Kirk (1967) has

applied the ratlio of soluble to insoluble protein obtailned

from chloroplasts isolated by nbn—aqueous techniques, which

are presumed fo  reta1n much of their soluble protein, té
ma ke correctiong to pu?lished‘data- On percentage dry weight
spinach chloroplasts contained 69% protein of which 31% was
membrane boundiana the total lipid content was estimated at

21% (Kirk, 1967). On the 'other hand cauliflower leaf

)



cﬁioroplasts were reported to have a totgl lipid content
which represented 34% ofﬂthe lipid plus protein content on a
weight comperison basis (Sghﬁertner and Blaley 1973).

The ichloroplast ira;tlon from spinach  1eaves " was
estimated, on a chlorophyll Sasis.‘to contribute two-thirds
of the total 1leaf 11p1d,cont§nt (lel>and-ﬂa;mon; 1962).
Generally this fraction showed a less qoqpléx lipid pattern
then +that of the whole leaf tissue (Allen et al., }966) and
for splinach lt.lacked two neutral liplds normally present in
the whole 1éaf extract which were tentatively identified as
cuticular waxes and .long chain alcogqls (Zill and Harmon,
1962). Lipids make up approximately 7-10% qt the dry welght
of green leaves in higher plants (Kates, 1970; ﬁitéhcock and
Nichols, 1971): Estimates on the contribution of the
thotoplast fraction to the total leaf protein are available
from the work of Zucker And ASflnson (1962) on mature
Oenothera leaves whéré'appréxlmatély'75% ot\the leatf pfoteln
~was contributed b& the chloroplast fraction. Comparisons for
this study were also standardized to chlorophyll content ;nd
the ratiogs of soluble to insoluble protein were similar to
those used by Kirk ‘suggestlng minimal .1055 ot stnomal_
proteinse. It is of interest chatqthe ma jor pl#nt,onzyme
ribulose bisphosphate carboxylasg ;hich occurs in the
sqluble fraction of the bhlorOplast‘contribufég‘up fo Soﬁvof
'Ehe totel soluble_igéf protein (Ellis, 1976). 5

T~



B. Chloroplast Membrane Studleé

Folloving the dlséovery that the photochemipalvqctivity

and chlorophylls yere located exclusively lh.the lamellar
"

system attempts were made to obtain the complete chemical

composi tion and structural assembly of the internal membrane

network (Lichtentbalér and Park, 1963). Attempts were alsor

maae to fractionate the lamellae into the smallest unit

(quantosome) which could carry out the photochemical
activity (Park and Pon, 1963). However, it was soon
established that the photosynthetig electron transport

system coﬁsisted of two' photosystems (Clayton, ' 1963;
Boardman, 1970; Arnon, 1971 Sane an; Park, 1971) aﬁd the
photosystems could be separated into active photoéystems 1
and photosystem II (PSI; PSII) enriched fractions by
treafment. of the. Jméﬁbrahés vlthA ﬁonlonic detergents

(Anderson and Boardman, 1966 ; Vernon et al, 1969) or b&

mechanical shearing (Sane .and Park, 1971) lndicatinz that-

differentiation 6f acfivlty must exist along thé lamellar
membraﬁe. Queéfions were raised as to how'the lamellar
ne twork vas ’fragmented and on what basis . should
compos}tlonal results be, expressed.’ Park qnd‘Sane (1971)
suggest the photosystems are integral to the lamellar system

and that both detergent treatment and shearing fragment the

Igmellae into stroma and grana regionse. They point out that.

seﬁarat;on of the photosystems does not occur in low ionic

bﬁffers in ‘which grana unstacking takes place (1zawa and

o
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Good, 19665f Arntzen 'g; ale .. (1969) lnltlally suggested
digitonin splits +the lamellar bilayer 1;to inner n#d outeq
halves,‘ with the inner leaftlet half contalnlﬁg the l;rge

freeze frac ture particles and enr1é§ed PSII aétivity, while
the outer leaflet half con¥a1néd the small freeze fracture
particles and PSI activity. It was later establishéd however
thdtf the fragmentation paftgrA was very depen&ent on the

 experimentatl syétém~ and the defergent~concentrntlon used.

The grana fraction obtained by mechanical shearing could be

further fragmented 1nto PSI and PSII enriched fractions
using detergents (Jacob;; 1977; Wessels, 1977). -

Al though t¥ere is now agreemenf that the‘chloroplastf
lamellae could be fragmented into stroma and grana fractions
with low concentratloné of ﬁ;nlonic desergen?s or mechanical
ghegfing - the quanfitatlve recovery of the 'separated
fractions differed. Thls. was particularly ev;dent with
defergent .frqgmentatlon studles-ﬁhere the concentrution of
detergents and exposure time as well as the ionic gtrength“‘
of the fragmentation media - differed among laboratories
(Jacobi, 1977). These dlfferencee' were suggested to be
‘primarily due to the additional fragmentatlion of\jhe &grana
and the modifying effect of the'detpbgents on the membrane
lipid constituents, causing the golubillzed lipids to be
rele;sed ahd/or/'exchanged betwéen the fragments (Par#.;nd
Sane, 1971 Jaéobl, 1977)s In geggrai the stromal fractions

enriched in PSI activity, obtained with Triton X-100 or
B f .

P
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-

digitonin (Huzlsiée et al., 1969; Vérnon et al., 1969) or by
mi td .sonlcntlon (Wintermans, 1971), were found to bé higher
in gelactolipids, cytocﬁrome f and bg and plaétoquinones
then the grana fragm?nts enriched in PSII,*when résults were
expressed on chlorophyll content. Chloroplasts 4ffom:thé
bundle sheath cells pf maize anq sorghuﬁ ;hlch have very
limi ted grana stacking also showed a slgnlficastly higher
galactolipid content on ‘a chlorophyll basis than the
mesophyll chlorgplasts, from fhe 'same plants, which, -
. . ' .
contained good grana stacks (Bishop, 1971).

Allen ¢t al. (1972) suggest, due to the low chlorophyil
content of the stroma lamellae, chemical composition
standardized to chlorophyll alone couldwbe mlsleading. They
_repor{ that the stroma and grana enricﬂed iamgllar fragmehts
nrepared by the French pféss technigque and washéd to remove
exfringic protedns showed similar relative ayoﬁnts'of the
maJorh. chloroplast galycerol i pids: monoguiact&syl
dlglycerl@e (MG ), digalactosyl | dlélyceride (Dé),
phosphatidyl glycefﬁl (PG) and sulfolipid (SL) when results
we re expressed on proteini.content. The grana fraction
ﬁowevﬁr contained 1.5 times more chlorophyll when qxpressed

’

on a protein basise. Further study on the carotenéid

’

composi tion lndlcated the pf—-carotene content normalized to

protein content was also similar for both fractions but the

4

grana fraction contained cdnslqerably mo re xanthophylls

x“(TTQgper and Allen,‘ 1973). The carotenolid to chlorophyll

ratlos ‘however were similar for both fraqtlons (Trosﬁer and

3
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Allen, 1973).

Further fragmentation and purification of the stroma
and grana membrahe fractions has resulted in the isolation
of a large number of particles. Jacobi (1977) outlined a
five—-ca tegory classification scheme to describe these

- K '
subchloroblasf particles which range from large complexes
which retain electron transport as well as photophosphoryl-
ation ectivity, to the very small particles with limited
activitye. Five distinct enzyme complexes have beén partially
purlfled,ffom the lamellar membranes which either retalq the
activity of the individual partial reactions or retain the

ability to reconstitute with other membrane constituents to

form active complexes ( Arntzen, 1978), As previously noted,
N ‘

~

the grana lamellae caﬁmﬁe further fragmented by additional
detergent treatment into PSI and PSIi enriched fractions.
The stroma PS1I and grana PSI\are found to be essentle}l;
identical in polypeétide composition and electron tranéport
activity (Nolans and Pa;k, 1975; Wessels and Borchert,
1975)s" The PSI and PSII enriched fractions have been further
subfraémented using a combination of nonionic detergents,
hydroxylaéatite chbomatography and sucrose density gradient
procedures. The PSI particles are further gseparable into PSI

reaction center (P-700 chlorophyll a complex) and a

cyfocﬁrohe K f-bg ° complex (Thornber, 18753 Vessels and

Borcﬁeft, fQYS)Q_Cthrophyll'd hpd‘B—égrotene accounted for

b

LNy

“essentially all - the pigment in ‘“the P-700 Chl dipf?t;ln
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complex with a molar ratio of Chl a/f-carotene of 20-30/1.
Chromatography of the chlofophyll extract revealed the
absence of chlorophyll b (Thornber, 1975). Sevefal
po}yﬁggt;des, primarily in +the 10 to 74 kilo-dalton (KD)

'rdhge were agsociated with the lipid eitracted'SDS or SDBS

. <

solubilized reaction center (Wessels and Borchert, 1975).
The PSII enriched particles were further separated into

a PSiI reaction center and a light harvesting chlor?phyll
.a/b ( LHC a/b) protein complex (Arhtzen, 1978; Boardman gj‘
aley 1978). Essenfially all +the pigment of the reac;ion
éenter was chlorophyll a (Chl a/b 25-28/1) and low amounts
of pB-carotene and lutein were present (Thornber,N1975:‘
Boardman €t al., 1978). At least 6 polypeptides in the 27 to
54 XD range were detected (Arntzen, 1978; Thornbér, 1975{
Boardmen gt ale., 1978)s The LEC a/b protein complex 1§
;photochemiqgfly inactive. It has a Chl a/b ratio of -
Approxlmately 1 and contains all 4 carotenoids found in thé

chloroplast with Tutein and ﬁigarotene as the ma jor
{ ‘ S

carotenolds (Thornber, 1975). The chlorophyl}btohgarptenqld,

» s

- ratio varies from  3-7/1 (Thornber, 1975)..‘Seve5a1'

~ w

e - s <& N - —— : - 4

flabﬁrﬁt&été§ ‘ have'fﬂproftded? e;leﬁéé-mthd&.‘?he”féomblqt'

ICOntniﬁ; 1;; ‘1e§stA"t;o’ bolyﬁéptidesifn thq'23;27 KD range

(Wessels and Borchert, 1975; Arntzen, 1978; Boardman et ale,

1978). | : E ST
An estimate of the quaﬁﬁity of pigment and protein in

the respective photosystem fragments is available from the

vearly work of Ogawa et al. (1966) and Thornber ot al.
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(1967). By completely solubllizlng. the whole lamellar
membrane with 1lonic detergents (SDS or SDBS) followed by
electrophoretic ' fractionation on SDS-bblyacr&lamlde gels
three pigment zones weré sebﬁfated. These were termed
components I, II and III correspon¢lng to their increasing
electrophoretic moblll%y. Components I and JII have been
inferred by Thornber et ale. >11967J and several workers
(cited by Thornber, 1975) studying membrane fragments
enriched in the respecti ve photosystems to be the pigment
complekXes of PSY and PSiI respectlveiy and are freq#gntly

referred” to as chlorophyll protein complex I and II (CPI,

.
\

)

CPII). Component IYI represented a free pigment de tergent .
complex. CPI and II respectively accounted for 20% and
50-60% of the chlorophyll in the initial extract (Ogawa et

ale, 1966) and 28% and 49% of the protein ( Thornber gt al.,

1967). CPII was later Iinferred to be the LHC #/b protein

o . v
(Thornber, .1875; Boardman. et al.y ~1978)q” Yerx,repe9t1yw

several laboratories (cited“b& Thornﬁer‘g;igl&,“1979),usfég

0

- improved - extraction techriigques and elegtrpphorééls-syStéﬁg

reported that virtually Alllthe,cnlorqphyll in the lamellar

'membrhné"'1é'cdﬁp1exédfwltﬁ'bioteln} Several new chlorophyll:

complexes have been separated and are suggested to

‘

represent ‘reaction cen ter chtofophyll proteins as well as

oligomers ,0f +the LHC a/b complex and CPI complex (Anderson. .

- - oon

et ale, 19783 Henriqueéﬂgandﬁrﬁrx, 197&;fugr§xeyl éi_il-v

w7

1979; Thornber et al., 1979)f>804§dm39"§i'31)’(1978) and

. Thornber et gl. g1979),~6ut11ne some of the difficulties
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associated with attempts +to 1dentify the chlonzs;yll—protein.
complexes since the ;Esoc1a¥lon of the non-covalently bourd
lipophilic pigments with proteins in the presence of strong
ionic detergents like SDS is at present not understood. The
complexes are assumed fo retainu at least part of their

tertiary structure during fractionation.

C. Chloroplast Membrane Model

Freeze Ram:nmﬁhl&mnhmmm
Complexes

Several membrﬁne models have beén ‘proposed which
attempt to outline the structuraﬂ' arrangement of fhe

photosystems, the chlorophyll proteln complexes and the

ATPase complex- Kirk (1971) and Muhlefhaler (1977) reviewed

-

evidence from earlier membrane models and suggested the

Aghlonoplast data: besf fit the 11p1d mntrlx model. Anderson

(1975) extended the fluid—llpld protein mosaic nodel (Slnger'

and ’Nlcqlson} 1972) Cto. 1nclude the unique teatures of the
vchlorbpluSt 1amelldr ‘_membrane. The' uniqueness " of the

membrnne 15 due to 1ts dlfferentiatlon 1nto grana and stroma
»

‘reglons~ and"also due tb ‘“the freeze fracture pattern of the
grana 1ﬁmellae. The fracture technique which cleaves the
bilayer membrane along its inner hydrophobic region

(Branton, 1966) dlspiays distinct Iarge particles integral

“to 'fhe'\inner membrune Ieaflet and Emaller particles within

e

‘}ﬁé: outer membrane leaflet. These inner and outer leaflet

fracture planes . are refered to 'qs . the exoplasmic and
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protoplasmic fracture surface respectively using the
terminology ;i Branton et gl. (1975). A dlagqaematic
representation of stackedb 1ametlae vcontalALng the freeze
frgcture particles as outllned-by Arntzen (1978) is shown 1n
Figure 1. Evidence presented 1ﬁ the recent reviews indicates
the pregence or absence of the large 'freeze particles
corresponds to the presence or absence of the LHC a/b
protein complex and these large freeze fracture particles
are mainly confined to the grana ( Anderson, 1975; Arntzen,
1978; Boardman éi al.y, 1978)e Good PSII activity however
occcurs in chloroplasts where grana stacking does not occur
as in some algae or in higher plants affected by mutation or
gfow;' undeb restrictive light regimes (Anderson, 1975)
éuggesting’ nei ther grana stacks nor large fréeze fracture
particles are required.' However in the fully mature
chloroplnsfs with weli formed grena, PSII activity is mainly
confined +to the grana region (fark and Sane, 1971; Jacobi,
1977); Thus the study Tf mature grana containing
chloréplasts has led to the generally accepted view that a
“differenthtion'ot the photocﬁemical activity occurs between
the‘ stacked and unstacked regions. Boardman et al. (1978)
suggesf that if PSII is confined to the grana region then
the LHC a/b protein cbmplex could .be responsible for this
b .
segregatione. Since the LHC a/b protein cohplex acc;nnts for
approximately 50% of the intrinsic protein, Anderson (1975)

suggests the 'large fracture particles contain the LHC a/b

| . ‘ —
protein complex and the small frac ture particles contain CPI
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L5

since PSI enriched membrane fragments contain only the small
!

particles. A diagram of a model.recently proposed by Arntzen

(1978) i shown 1in 'Figure 2e The large freeze fracture

particles are outlined as a PSII reaction center surrounded
by a discrete LHC a/b protein complex. The separability of
the center from the 11gbt'harvestlng comﬁlex is consistent
with the subfractionation studies and the observed PSII
activity 1in agrenal chloroplasts lacking the.large fracture
particles (Andereson, 19755’ as “well as the higher light
1ntgnsitleé required f6>saturate PSII activity from agranal

[
chtoroplasts deficient in the LHC a/b protein complex

(Arntzen ‘et al., 1977 )e In addition the discret epwise
increase 1In the particle gsize during development suggests

the accumulation of aggregates of fhe _LHC }a/b protein

complex presumebly localized around the PSII center (Arntzen

et al., 1977). The Inclusion of the cytochrome complex and

hydrophoblc' protein moiety of the coupling factor in the
small frhctqre particies‘ ot this mode 1 was’#ccording to
Arntzen (1978) largely based on conJectural evidénce- The
integral placemenf within fhe membrane and the protein
nature éf the fracture .particles is further supported by
étudies with érotease enzyﬁes wﬁlch peduced the size of the
particles (Bamﬁefger-and Park, 18966; Machold et al.y 1977).

s

The arrangement of the electron transport chain constituehts'

with respect to the bulky chlorophyll protein complexes is:‘%

not known -and Andorson _(1975) suggests thelr relatlvely .

@ e s - S e

- JsﬁglL::@a§g ‘vou1d make 1dent1f{cation ot thelr polypeptldes,"
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Figure 1.

Figure 2.

-9
Diagrammatic representation of chloroplast lamellae in a
grana stack showing large and small freeze fggqture,mm¢u
particles. fEF,and,EF;referQ;o,exoplasmic.énd-protopléﬁﬁic_
fracture SurfaceSérespecciVély.‘vSpBSpfiptS'éfénd u'feféf“l’

(From Arntzen, 1978). = ° . o .

‘to stacked and unstacked membrane'regibng'réSpecpively-;.

A‘_,

Chloroplast lamellae membrane model showing the photo-
system I and II reaction centers, light harvesting complexes
and the proposed fracture line which limits the large freeze

fracture particles to the inner membrane leaflet (From
Arntzen, 1978).
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difficult.

The fluidi ty .of thé membrarne is suggestedl by the
unstagking ;;d‘ restacking studles.  Grana uns tack when
sﬁspénded' in low ioh1c>buffers and npstacg when trensferred
to. 5ﬁff§gs of”‘ﬁiéher"lénlc’ concentratiqﬁ.l.puringb the
unétatkiqg”'pnd_ffestu;king process the cqneervatién nf'fhe
fraCfungparthlée_giéq and qumﬂér suggests 1aferal movement
Af" thelfm;rticles’wiihln-thé plane Gf the 6énﬁé$ﬂe Edbdiiad'”

and Satir, 1974).

Ac¥l Lipide ‘s Matrix snd Beundsry Lipids

. Lipide are estimated to make up 50% of the spinach
 tﬁyi§¥;;d;’Qemb;a;efﬁ;on¥;n¥ (Llchteﬁthalep andVPark,'ISGS{
Allen -gig‘nlag 1966). ,Sqmguesfima{eé‘aréJavdiIable'bn the
Iipld classes present in the total ilpld eﬁtract and are
shown in Tabie I. The major acyiiliplds KG;'DGs;PG'ﬁnd SL
.account for approximagely 56%40f the fota} dhloroplust lipid

content ‘(TabIQ I, :teédﬁj;ﬁ§~Murpé¥5;1976;;uaz114k, 1977);m"
Tﬁe galactolipids MG and DG a;é b§-faf”thé nbét~préddﬁfgaﬁ€:
accounting for 40 to 45% of the total lipids in splnach,
maize and bean chloroplasts (TFble I; Leech and Murphy,
1976 ). PG was shown to be the major phospholipid
representing 60-65% of the phospholipid content of spilnach,
bean and tobacco chloroplasts (Ongun gt al., 1968B; Kates and
Mgrshgll, 1975) however, the.total phosphoiipids uccodnt#d
for only ,10$ of tge chloroplast lipids (Table I; Leech and
hgurthv 1976 ). ~Sp¥£diipid;(SL)‘gééounted,tor,approxlmdigly

5% of "the chloroplast. membrane lipid (Table I; Leech and

e i ey ey,



Table I« Lipid composltion of malze and splnach
- ] chloroplastse.

Chlorophyll - " 208 " » 13.6
.Carotenoids 2.8 3.7
Quinones . ‘33 1.0
Phospholipids' 9.1 8.5
Galactolipids 40.2 47 .4 -
Sulfalipid 4,1 4.5
.Steroids 2.2 -
—— e e e e e o e e o e e e S e

Kirk,1967. .
2Mudd and Garcia, 1975, '

Murphy, 1976), and although present in minor amounts in non

-

] phofosynthefic cells 1t is vconcentrated in_ the plastid

T

fraction of photosynthétic tissue (Ongun et gl., 1968;
Benson, 1971; Mudd and Garcia, 1975; Harwood and N ichols,
1972). Chloroplasts of higher plants also contain very high

. levels . of polyunsaturated fatty acids (Kates,' 1970;

i

yﬁl#cﬁ%éby: nﬁdaniCHgls, 1971) concentrated prlmnrlly in the
i:;cyi:”moléti;é“ of the maJor galactollpids (Hudd and Garcia,.
1875;. Leedh”and Murphy, 197673 Mazliak, 1977).'Also unlque tg_
the chléroplast is th.fatty Acid trans—S'hexadecahoié<ac1d
(16:1-3t) which is. found spéclfically in photos&nthétic.
tissue (Leeéh and Murphy, 1976) and esterified primarily to
PG (Herverkate and 'Van Deenen, 1965; Allen ﬂl,QL{t 1966
Jameé and Nichoié;g1966§ Hurwopf'aqd J;mesr 1975); The véry
high galactolip{d ' content,: restrlctgd ‘phosphollpld
composi tion and fgtty acid contént.&ifien consfdgi&bi&;f§6m 

the 1ipid composition of other cellular membranes;
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mitochondria, rPeroxisomes and microsomes (Allen £t ngL

. .

19663 ¢ Léeﬁhn'ﬁh&”znu;phy; 1976; Mpzliékﬁ 1977). This ﬁnique
,éq§1 .1ip1d ‘éémpqsltion .19 ,ublguitous in’ hlgher  piaqts
(ﬁgéyﬁgq,;qn§~“5iumbt; 1976). Harwood and »Stunﬁf' (1976
‘sﬁégest this 1nd¥ca{es they.-Iigety play a vital role in

photosynthesis, -

Séveral studies . have attempted to relate the specific

'flipldh-éoﬁﬁoéltién ta photosynthetlc functions. These hg;§
lnciuded. the effect of lipid removal, either by lipases of
organic . solvents,' on structural. characterisf!cs and enzyme
activities. Treatment of chloroplust membrane fragments with
a crude éalactollpaee preparation dest%byedv the normai
freeze fracture pattern suggesting galactolipids Are the//

B

ma jor constituents of the membrane matrix (Bamheréer and

Park, 1966). Differential Ilpld extractlon with lncreasing”v
- acetone concentr;{ion (Swangon et QL., 1973) or c0mpleig
1ip1q» removal with “chloroform/methanol (Yao 31 Ql.,.1972)'
~aisrﬁb;éé‘ {A;L electron, mlcroscope ﬁemprane lmgges ofithe"
'éhlé;gplgs; ildmellae of‘b;th unfixedvan; tlssué previousl&
fixed wlt§  glutaraldehyde, ‘also indicating the lipid
invelvement in menbrané assembly.v "

‘A requirgment of epeciflc‘ Ilplep, irf an&. for the
chloréplast. membrane enzyme actlvit& has not> been
demonétrqte&. In general mild ilpid extractléﬁs.rééuit'iﬁ
ltftle‘,hembraﬁéx distﬁrbaqées and full activity 1shuauali&

restored by addition . of the easily solubilized electron

-trangport chailn constituents such as plastoquinones (Ame;,



éﬁ- - N ‘ . 23

1917)‘ Qndv_ﬁlastocyanlns (Krupa éﬂh“Bas&nskl, 1975;detoh,
1977),, The fluid mosaic-modelv(slﬂger"andiNicolson,-1972)
rproposes that wh of the membrane lipids exist in the bilayer
formation. ﬁand are.not strongly aessociated with the integral
proteins, ;Q minor lipid fraction coupled vith the integral
'profeins mlght be speciflc for the function of the proteinss
AThe results of Shaw et gl (1976) could\perhaps be expla}ned
on this basis, whefe removal of 70* éf &G and S0% of the DG
contept from the chloroplast mémbranes with a galactolipase
Preparntl&n had no advérse effect oé the electron flow
through PSI and’ PSIT provided +that bovfﬁéﬂsefum albumin
(BSA) was present  to- bind the released fatty acids. Also
chloroplast Iamellae treated with snake venom phospholipase”
:Azz whicg‘rééo;éa over 80% of the;phospholipids retained 80%
.dflrthelr- electron transport activity and 64% of thelr
1nitla1 cycllc photophosph;rylation4activity in the presence
‘éfiu-BSA” (Hirayam; 'agﬁ. Nomotoborl,i 1978).A Hiruyam; and
Nomotoﬁo?i, (1978) suggest their results 1nd1cgte fhg
_phaspholipids of the chloroplast lamellae.are present in tvo
states with ;he ‘20% not attacked Py the pPhospholipase
representing the b;undary lipid fraction which has.a role in
the .photoactlvitles. Anderson (1975) sugg;ste SL, PI and PG
rdﬁe ‘to their anionic nature, could serve ag boundary lipids
féf vfhé .1a§ge freeze fracturg particles and take part in
' membrane ét#qklﬁg~ since cations are required to preserve

grana stacks or to 1n1tiate restacking. Some authors have

v
.

suggested uneconstituffonwstudies would be a useful approach
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to study the reiationshlp of specific lipids to the
phofonc}ivities (Harwood and Stumgf, 1976:‘Leech and Murphy,
1976 ). However complete removal of‘ lipids from membrane
aseocia ted enzymes is difficult to achieve with detergents
(Saﬁégrmagn, 1978) and near complete removal wltg organic
solvents results in an irrevergible 'aggregatlon and
densturation of many membrane proteiné‘(ﬂelenlus and Simons,

18975 ). Also most reconstitution studies have shown that a

mixture of polar 1lipids best restores the enzyme activity

(Sandermann, 1978).

De Chloroplast Development

The chloroplast developé from »émdilr proplastids,
ranging '1n1~'diaﬁété£ .:from ;O.S.'to: 1 u@} present 1ﬁ
meriéfemqtlc_célls ( von Wettsteln,. 1958: Leechigi,gl., 1973:
Robertson And Laetsch, 1974). The numbér of plAstid$ éér«'
cell is . alsé‘ known to increase durlpg tiésue mafuration{
Dividing pleastids ' are bdifiiéult to detect in meristematid
tissﬁe since they are not eas{lyi distinguishable from 
mitochondria ( Stubbe, 1971) howev;r, the increase in tﬁe
numbeyr of plastids per cell from approximately 30 to 70 in
developlng‘ barléy ieaves (Rob@rtson and Laetdch, 1974) and
the observation of f;ssion ‘configurations (Kirk, 1967;
Stubbe,>1971) suggest division occurs during leaf growth and
cen occur beyond tﬁg proplastid stage. A cloge positive

correla tion Qas shown to exist be tween the number of
4
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plastids in the cell and the amount’of DNA in the nucleus
(Butterfass,‘ 1973). At least 4 plastid. type pPhenotypes are
distinguishable in hlgher. plants, thesge incld&; the
amyloplast, etioplast, chloroplast and chromoplast (Klfk,
19¢7; Muhlethaler, '197i; Stubbe, 1971). Intermediate types
are common and it was suggesféd they are all init;ally
defived from the meristematic propla;;id (Muhlethaler,
1971, The amy{oplasts are mainly found in storage tissue
spch as cotyledons, endosperm and tdﬁeré (Kirk, 1967), while
the chromoplasts occur in special organs‘euch as petéls,
fruits and some roots (Kirk, 1967)L Etioplasts represent an
arrested stgge of chloroplast deve lopmen t 1A angiospﬁrms
grown in *he dark. Gymnosperms and several algae are able to
form chlorophyll and elaborate- lamellar structure in the
dark (Wettstein, 1958; x4rk, ‘i967; Ohad, 1¢75; Bogoraq,
1976 ) however, angiosperms do not form chlorophyll but
accumulate low levels of protochlordphyylide. The plastids
of the anglosperms develop beyond tﬁe proplastid stage
forming . what EKirk (1967) hnas tgﬁh;d etioplasts. They
approach 2/3 the size of the fully developed chloroplast and

>rm e . condensed crystalline membrane . network termed
proiamellar bo;y (PLB) father than the normal lamellar
system (Kirk, 1867). Upon illumination Vthe etiop}ast is
rapidly transforﬁed into fully developed ahd fugctional

N

chloroplasts (Robertson and Laetsch, 1974).

P

Modifications of.© +the typical mature chloroplast

ultrastruc ture are evident in different plant types. Certain

a



©

26

plants with the 'C, pathway for CO,; fixation such as'matze
and sugarcane contain chloropl;sts of tvq morphological
typeg.,Those in the mesophyll cells dlsplay the‘typlcal well
’

developed grana . systens, however, the bundle sheath
ch}oroplasts el ther lack grana or have very limlteq lamel lae
stncklng. kLaetsch,, 1974). Shade plant chlprpplasts display
very' large grana containing as mady as 100 thylakoids per
granum and the .lnmellar network‘ ;lsplays an irregular
arrangement unlike +the Oﬂientatlon in one‘plnne as seen in
the conventional chloroplasts!structpre (Boardman, 1977a ),
Membrane Difterentiation

In addi tion to the study of membrane fragments, the

sequence of blqphepical and structural changes during the
meturetion of the chloroplast has been exténéively studied
in aettempts ' to correlate compositlon.,;acfivitles and
structural assembly, T he frequenfly used rystems includg
greening of etiolated tissue,_growth under restrictive light
intensities or specific wavelength, the analysis of serial
sections of monocotyiedon Ieaves’in which the célls display

%

a linear array of maturity in the growing leaf, and the use

" cf deficient mutants. Inhibitors selective for the

transcription aﬁd translation of puclear and plastid &ene
produc;s' have also found considerable use in algal systems
(Ohad, 1875) and isolated rlas tid preparations .(E}lls.
1977). The greenlng of 1solqtgd etioplasts in culture has

! 3 .
found 1limited use s8ince development does not proceed beyond

. Ca.
N~ N 4 ¢ o

the loose dispersal of :theo%Lgfand tﬁi'blthylakoid staq@m

o ’ u- ! ’ 4w

&
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(Wellburn and Wellburn, 1972; Rebeliz et ale., 1973; Leech,
1976 ).
The - uLtrastrugtur§1.changes during the greening of the

etlioplast are well documeﬁted( The PLB rapidly loses its

. AOH N

regplarftyfﬁ&ﬁd;iSﬂdlsgérged into perforated membrane“sheeté
which give rise to the prié;ry iamiliae duglng the first 2
hourse The primary lameliae subsequently grows and
% . :

differentiates into stroma and grana regions which are
detected <from 2 to 24 h depending on the physiological age
of - the etiopleasts (Kirk, 1967; Henningsen, 1974; Robertson
and Laetsch, 1974); The ultrastructural stﬁdles show a
continuum ot membrane structures during the early stages
suggesting the PLB supplies the bull&ing materials for the
primary lamellae formatione. .Correlated with the meﬁbrape
assembly are the synthesls of liplds, pigments and proteins
and development of photochemical function (Leech, 1976)e.

All the ma jor acyl lipids of the mature chloroplast are
present in the etioplast (Bahl, 1977; Mackender, 1978).
1ittle change in acyl lipid cémposltlon occurs during the
dispersal of the PLB and prim;;y lamellae formation
suggesting the reorganization of existing lipids ( Roughan
and Boardmaﬁ, 19723 Sellden and Selstom,.1976). However a
notable increasge 1in the acyl lipid content colnéideslwlth
the grana formaflon. The ;ncreaee was mainly associated with
gnlactolipid, MG and DG, displa&lﬂg up to a 2 fold increase
(Tremoliers and ‘Lepaée. 1971; Roughan aﬂd'Boardﬁhh, 1972;

Sellden and Selstam, 1976)s An interesting feajure was the

—



occurrence of trans—-3-hexadecanoic acid (16:1-3t) associlated

specifically with PG. Thé fatty acid was el ther absenf from

étioiated fissue ( Roughan and Boardman, 1972; Harwood an&

James, 1975; qukendq?, 1978 ) or present in trace amounts

(Tremolicres and Lepage, 19713 Banl at ‘al.’ 19‘76;"s§uden‘
\ . ,

and Selstam, 1976; Bahl, 1977).\Large increases in 16:1-3t
N A Y

representing 20 to 30% of th acyl content of PG were
¢ . . o

reported (Roughan and Boardman, Eé72; Sellden and Selstam,
1976).V‘These 1ncréases were most é&ldent during the latter
étages of greening which‘would su gesf the acld has a role
either in phétochemical activity o? in grana formation. In
“agreemen}wy;th its rple in grana form;tlon the ;oncentratlon
of 16:1-3t was higher 1in the‘grana lamellae preparations
from maize mesophyll chloroplast than in the corresponding
stroma lamellae preparations or in the agranal chlofoplgsts
ot the maize bundle sheath cells (Tuquet et al., 1977).
However the exact r01§ of +this unique fatty acid 1s not
Known.s Since it is not bresent in some blue green algae
(James and Nichols, 1866) and photochemical activity ;ccurs
in greening bean  leaves when only a trace of the acld is
present (Roughan and Boardman, 1972) it appears not
esséétiai for the phdtochemléal activities. Its occurrence
at equal content in a chlorophyll b less barley mutant which
diplays 'limltédJ zrané férmatidh" reiat{ve to that of the
normel (Boitéq girgl.. 197é)ldnd the formuflon of good grana

stacks while the fatty acid 1is only present 1n-trace amounts

({Roughan and Boardman, 1972) would also tend to negate an



29

essential rolé in grana formation.

The initial light stimulated ?eorganizatlon of the
etloplas{ membranes is eaccompanied b& changes 1n the in ¥yivo
spec%roBcoplc-Torms'of chlorophyll:(Shlbafu,_1957; Boar@mgn.
1977) . wﬁich suggest a rc lationship between the
transformation and dispersal ;f tﬁe PLB, the conversion of
proioéhlo}ophyllide ) (Pchlide) to chlorophyllide and
phyt&lutlon to chlorophyll a‘"and the spec tral shifts,
however the exact seguence of events is not agreed upon
(Boardman, 1977; Boardman et ale., 1978). Illumination of the
etiqplasfs rapidly converts the Pchlide to chlorophyll. This
is followedAby a 1ag in additional chlorophyll accumulation
which varies from a few minutes to Séveral hours depending
on the species 'dnd the age of the seedling. &he lag is
followed by a period of slow acpumulation of chlorophyll,
about 25 h for vbarléy (Boardman, 1977) and a period of
rapid kchlorbphyll accumulation which corresponds to the
developmenf' of grana 1ame11ae. Chlorophyll b‘ is not
initiaelly detectable but is present at very iow levels

<

during the lag phase. The chlorophyll b content increases

very rapidly during the‘-period of maximum chlorophyll

accumulation resulting in a Chl a/b ratio of 3/1. The
Pchlide of d&rk grown béan and barle& 1eav§s} can be
extracted as a pigment protein complex ( Pchlide holochrome
complex) which retains the ability to be photoconverted to
chlorophyllide-a (Boardmen .gi oley 1978). The newly formed

chlorophylllde—a protein complex of barley 1is suggesfed to 

- 13



L)

e R I T S R L - > o V
~which “polyp?pfldba are presgent or absgnt from the etioplast .

dissociate; into a coloriess “"photoenzyme" an& a
chlorophyllide carrier protein (Boardmean ot gl., 1978). The

chlorophyll protein. complexes are obviously not preséht 1h

the etioplast . membrane however

N .
L

~ v z

there is not agreement on
- — S g e @ e ¥ mre e & e R
. @ e o N g b o y T ot
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and which afe synthesized dup;ng.greening ( Boardman et al.,
1978). Some workers claim that a}} or égsf ~of .tﬁg
bqupeptldés. including those. of tﬂe;‘;hiérbéhyll-ﬁ¥otein
complexes are p;ésent in the etlop[asts’jith éome shbwlng
selective increases during greening wﬁlle othe;s claim many
of the membrane polypepf{Qes are synfﬁes;zéd during
greening. ) - |

Tﬁ; developmentvof'the photochemical activities of the
green{ﬁg etiola ted system is generally—cbhaistéqt wltﬁ thg
theory that light friggeré the rapid éygthesis Qf reaction
center chlorophyll followed‘by the synthésls ot fhé bglk of
the Chlorophyll which serves in a light harvesting capacity.
This Wis most evident in the initial 1ncre;se in .the
photoacflvity rate éer unit chlorophyl} and fhe high light
inteneli ties required for sntg;atlon foilowed.by a decrease
in the light saturation bdlnf};nd gctl#lty on a chlorophyll
basis (Plesnicar and Bendall, 1973; Bonrdm#q, 1977). A

sequential devélopment of the photosystems has heqn found by

mosf authoré with PSI and its assoclated electron transport

" and rhotophosphdérylation activitles occurring before those

!

of PSITI (Plesnicar and Bendall, 1973; Bendall, 1977;

‘Boardman, 1977). The absence of light does not affect all

-

S



bidéYntﬁéfiéﬁ processes since Eaﬁe;_gfiopfaéts"éédf&lﬂ the’
! | R | = -
constituents of ‘the ‘electron - transport chain including

cytochrome £, bé And piqstocy§n1n (PIEéhiCdr'aﬁd Bendall,

<1973) . a8  well . as. . the _ coupling _ factor  for

- aows <

photophosphorylation ;(Horak.and Hill, 1972; Bogorad,.1975).

The rapid development of PSI activities suggest chlorophyll
is thghllmlt;ng“facyon,_hqwgveq)thg 1aglinmdgte¢tion of full

PSTI activities (2.5 h for 8 day barley) suggests fhelrate‘n

. limiting factor could be = hdmﬁeb_bf cohstifhenté lncludlhg

the water—oxidizing 'eﬂzyme”f(Piéshicar~and Bendall, 1973).

. - F EX PN R -

Coe e s

Bogorad (1975) and 4coworkers’ showed “the osmotic

responsiveness and acid/base phoaphorylationi of lamellar

‘“;w:ppepqrdjlons owas - - mot.: correlated with  chlorophyll

accumulation and also suggested consti tuents other“fhan

chlorophyll are 11mi%1ng.

I "

During ' ig‘reen'1‘1-’1g'3:"'?':"j of etiolated séédllhgs under
intermi ttent 1light the synthesis of'chlorophyll b and the

»

LHC &a/b protein c;#plex ﬂdseé not“ogéur add long ﬁarallel
lamellae develop with little overlap (Sironval et aley 1969;
Argyroudi—Akoiunoglou et gl;,‘1972). The plastids are active
in Yﬁole elec tron transpprt fgpm “vater (Arntzén g;_nl..
1877). When %}posed to continuocus light extenéivo membrane
growth oécurs accompanied by grana fornation,‘a decline 15
the Chl a/b ratio, the appearance of the LHC a/b protein
complex and a stepwise increase in the large freeze fracture‘

.particle size (Arntzen et al., 1977)s Arntzen (1978)

suggested from these findings that good PSII activity is

R



pfesent in  the absence of LHC a/b protein complex and the'

1arge freeze fracture particles and that the LHC a/b complex-

is formed by the . addition of discrete complexes lnto the

4

developing membranes.

v

'Thé' Chlonophyll b deficient_hqile& and soybean mutants_ .

whiéﬁﬂlaisﬁlay“ no onoredpced LHC a/b protein complex and a

3 5 e N n - . E— ~

reduced slze of 1arge !reeze fracture particles and limlted‘

grana formation, further support the association of the LHC

a/b”fcomplex with the large fracture partlcles and grana

S

forma tion (Arntzen, 1978; Boardman. 91 gl, 1978).

Léech - and coworkers analyzed serlal sections of young

-
maize 1eaves 1n which the plastids ‘at-the leaf base were at

the. proplastid stage while thosé inif;e tip gectlon were
fuily 'develbbed éhloréplasts- fhls was §uggested to bé a
 m6ré natural system for developmentvétud;es since etioplasts
d; not torm'under ﬁormpl light regimes (Leech, 1976)..L1p1d
ﬁnnlysis revealed all the chlproplast acyl Llplds.were
‘wpreseﬁt at. all stagés. " The deor éhanges ﬁere as;oclated
withy sections uﬁdergoing rapid membrane fsrmatlon.andrgrana
stacklné. The largesf increaSe.wasiagaln associatéd with the

"galectolipids with MG and DG showing respectively a 4 and

”é;s fold llnércase in tissue sections (Leech et ale, 1973)

and  a 6 and 4 fold increase in isolated plastid fractions
‘"(Leese and. Leéch, 1976)."Tﬁans—S—he§§decanoic acld was

detecféd dnly in PG of +the most 'mafﬁrd ‘tiséues The

hgai&ctolipld increase and also the increase in the level of

thelr polyunsaturated fatty acids were much greater than

.



- detected with the greening etloplast~~syéfqh, Mackender

(1978) wusing similar approach has‘slncé shown a 2 and 0.2

fold 1ncf¢ase respectively lnlMG'anerG aﬁd an incrédsé(ln
ﬁnsaturation ' uflng' etioplast development,. Photochemical
 sﬁu¢1es'vrgveaPed a Vpattern of development similar to the
grgening etioylgst.system with the sequ;Atiai‘déveloﬁmeht of

a

PSI and PSII activities (Baker and Leech, 1977).

The development of photochenicai 'acflvffy‘.du¥lng.

¢hloroélast di fferentiation has also been studied with

several mutants of barle&»which were capable of chlorophyll

synthesis but were impaired in . their lamellae
differentiation (Smillie et al., 1975)., These mutations were
of lqterest in that they corfobonated studies on greening

leaves showing the sequential deVelbpment of PSI and PSII

pbotorgductlve activities, and also that photﬁ%eductive\‘

activities can precede the development of the capacity for
the photooxldation of water and coupled photophosphory-—

1latione

E. Biosynthesis ot Chloroplast Conatl%uonfs

Plaptid Genome

It is now well established that chlbroplasts contain
their own DNA, RNA, ribosomes and factors required for

pqofeln. synthesis (Kirk, 197ia)e The chloroplast genome 1is

!

polypeptides ~of MW 50,000 (Ellis, 1977). Kirk (1967)

$uggests cytoldglcal evidence indicates plastids are always

| - -
i

estimated to have the capacity to code for approximately.lzs'
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present atrallwstage5~duvingfihe'mqtpfdtibn of fﬁe‘egg”celly>
upfovlding continuity of the plastids'at,sexual reproduction..
. The majority of higher plants display a materndél inheritance

pattern of the. plastid (Sager, 1972) although biparental

, »
tranSmisslon - is not qucommon. Of 48 genera of angiosperms
studied Tillney-Bassett (1975) showed approximately h1/3

digplayed a+t least a trace of biparental transmission. The

markers . were abnormal plastid colors which _were

e e w

characterlized by a non Meﬁdelian'lﬁhefltaﬂce baftefﬁ and

rapid sorting out to give a variegated appearances However

>
v

thé ‘mutafi;né have not ‘been 1ocalizedbto.the plgptld and
sultable.genetlc markers are ;ot uvaliabie_forv;ecﬁmbinatlon
studies (Sager, 1972; Blgky, 1976). Some recqmblnation
studles ‘have  been carried outA wi th the green alga
innmxggmgngg reinhard} 1niwh1ch a v;riety o? gﬁtibiotlc‘and
nu‘.trient markers.";uggested to be loecalized to the plastid
genome, - have been isolated and fhe experimental techniques
developed ( Sager, 1972; Gillham, 1974). |
Bedﬁrook'ahd,Bogqrad (1576) reported a physical mapping
technique using restriction 9ndondcleases to fragment
chioroplast DNA from Zea mpys. The? were able to ascribe A
discrete order to the fragmentation products ahd pfopoéed a
fragment map on which they located the genes for ribosomal
RﬁAsq 'More_,beceﬁt1y~ Coen et al. (1977), of the same
1abor;tory, localized the cﬁloroplast DNA segmenf which
directs ‘the Qynthesis of. the large subunit of ribulose
bisphosph;te (.RUBP) . carboxylasé. The DNA Ir%gments,

| - 4
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lnitldlly sized .on..agaTOSe'geié werk amplified by cloning
(1ncorp6fatlon into a_pactqriauplasmld). One of the cloned
fragments direc ted the synthesis of the_}apge subunit. using
a rabbit reticuiocyte in iiizg transcqlption—tranalat1on
systeme. Other techniques using -the restriction enzymes have

fecéntly been useﬁ-,JMessenger RNA" isolated from etloplasfs
and greénihg plastids ‘of corn whén hybridized to the
fragmené DNA's showed . &a .selective” 1n¢réhser of sSome
"messenger éNA's", one of which was located on the fragment
encoding the LS of RUBP carboxylase and another suggested to
be - the .fpagment,mencodlng '; ‘34,500“daif6h chléroplast
membranel protein (Bedbrook gt als, 1978; Grebanier et aley
1579). Bottomf}y and Witfeld (1979) uséd an 1ndirect
approach, sbinach chloroplast DNA was fragmented
?lndepeﬁdenflyﬂwith several restriction endonucleases and the
fragments transcribed/translated using the cell free E. goli
sysfem. The pqupgptide maps pfoduced.from the restr{ctlon
fragments were ;compafed. with those 'produced with fﬁole
chloroplast DNA. Bands missing on any of the fragment DNAs
were sﬁggested fé ﬁavé their cistrons inactivated by the
cleavage site of the restriction enzymee.

The éhloroplasf genome 119' considered polyploid
éontalnlng several copies per chloroplast (Kung, 1977). The
polyploid nature and the maternal inheritance pattern are
kno;n ﬁo'vbe ‘éonservative forces for genetic.varigblllty

‘ . : . )

{(Grun, 1976 ). The chloroplast DNA of several higher plants

studied lls known to have a very constant base composition
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and dehslty. e?en thﬁuéh the coqpositlon “éqd dénsit& of
nuclear " DNA varies markedly emong ditferent3épecie§ (Kirk,
1971a)s Eqwever“.fragmentafion patterns produced by +the
restriction enzyme 'fechnlque'shpwed~the number of bands in
common varied conslderablj from genus to genus. The
slmlla;ities ‘seemed ‘to correlate with “how ;losely - the
species were related es determined by thelir ablli;y to fqrm
viable' hybrids (reviewed by Kung, 1977)« On tﬁls matter
B?gorad (1975) had earljer theorized .that al though tBe
organelles appear to haveha common function, the genes which
Uspecl;§‘ thélr c;mposltion coﬁld be dlstribﬁted dlf:erently
among the genomes of theAnucleus, ml tochondria an& plastlds.

in different taxonomic groupse. ’ /

.Protein Synthesis

T

This sectlbn will brief}y lncludeléome experimentai;
approaches which have guggested'the Joint participation of
both the plastid and nuclear éenomes in chloro%last
formation Pol&;eptide' patferns produced- by coupling
cqloroplast' DNA with an in vitro {ranscripthnl translation“
éyétem suggest, from preliminary results, that close to 30%

of the totalfchloroplast genome.can be expressed in terms of

.

0y

protein product '(Bottogle

and Whitfeld, 1879). This
approqch as described earlier piovlded‘the information that
theﬁyLS of RUBP hcarboxylase and a suggested 34,500 dalton
membra;e polypeptide are encoded /on thg chloroplast Zenome.
Using a vslmllar ‘approgch mR NA , assumed to be of nuclear

origin (Poly—A’cOntaining‘RNA) isolated from greening barley

%

A
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or duckweed coupled with the 1pn vitro wheat germ translation

8system synthesize several ﬁolypeptides of which precursors
to the npoproteig of the LHC a/b protein ;nd the émall
suburit of RUBP were lde;xtitied (Apel and Kloppstech, 1978;
Tobin, 1978) |

Protein sxgtaesls by isolated chloroplasts and in yivo
studies using lnﬁlbitors specific for cyfoplasmic. and
chloroplast ribosomes have aISO'shoyn that the LS ofRYBP
carboxylese was synthesized in the chloroplast and the émail
subuni* in fﬁé cyfoplasm (E?Lis, 1977 ) Using a similar

system three of the five subunits of the chloroblast

~coupling factor and some of the polypeptides associated with

i

CP1 Are sugges{ed to be translated on - the chloréplast

. : : -
ribosome while some polypeptides associated with the LHC a/b
protein complex were s&nthesized in the cyt;blasm (Ellis,
18977)¢« The selectivity of the inhibitors is due to th;
prokaryofic nat;te of the chloroplast ribosome and cau;lons
and guidellnes  foé their use and interpre tation hnye been
outlined (McMahon, 1975; Grun, 1976; Ellis, 1977) .

Studies v;th ; lnterSpegiflc gene tic mnarkers for
chloroplast rilbosomal proteins and the large and small
subunits of RUBP carboxylase gava also indicated an
intergenomic lhvolvement in chlorobtast protein syntﬁesls
(Bogorad, 1975; Kung, 1977; Gillham, 1978)1 The markers were
altered peptide migration patterns between species which

showed elither a biparental or maternal inheritence pattern

in reciprocal crossese.
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Mm&&mmﬂg

The complete biosynthetic pathway from S5—-ALA to

chlorophyll is sugges ted to occur within the plastid
/

(Bogorad, 1876, However efforts to demonstra te S5-ALA
1 @‘

forme tion vfrom glyciqe and succinyl CoA in plénts as 1q,thq9“
porphyrin s;nthgfié pathway ot animals and bacteria huvg not
been successful, Studies on the .precursors for S-AlLA
formation we re greatly facilitated by the use of ievull&ié
acid as.*q competitive inhibltor of ALA-dehydrase by Beale
and cowo;iefs in the early 1970's (Beale, 1978)e The
inﬁibitor which .can be employed jipn vivo causes a partial
block in tetrap&rrole Syntheslis resulting -~ in the

intracellutar accumulation of S5-ALA. This accumulation is

stoichiometrically related to the decrease in chlorophyll

&

\\ formation and thus‘permits & more direct study for initial
Precursors for chlorophyll formatiqn; Five-carbon compounds

giutumute, glutemine and a-ketoglutarate were found ‘to be

M .

relatively good precursoﬁé ;hg were incorporated intact into
‘ALA suggesting an al*ernute pathway to.the previously sough t
ALA synthetase (Beale, 1978). ﬁecently, isolated plastids
from immature spinach leaves (Gough and Kannangara, 1976),
greening barley_ and maize (Kannangara and Gough, 1977) and
greening cucumber cotyledons (ngnsteln ;nd Castelfranco,
1978) were found . capabie of S—-ALA formation fr;m the 5-C

precursors; - This activity was asgsociated with the intact

plastide and "not with mltochondrla’ and microsome cell

X
\\\\‘_fiﬁgiions (Gough %Pd Kannengara, 1976). The activity was

- »
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further  localized to stroma preparations following

disruption of isolated plastids (Gough and Kannangara, 1977)

and co-purified with a polypeptide with an approximate MW of

67000 dﬁlténs ( Kannangara and-dough, 1979). The intermediate
and enzymee associated with 5-ALA from the 5-C precursors
however haveiyst to ﬁé demonstrated (Beale, 1978).

Trhe bliosynthetic steps subsequent to S—ALA formation
are ‘better characterized (reflewed by Bogarad, 1876). The
agsociated ehzymes up to protoporphfrln synthesis are
suggrgested to be located in the Bt£§ma‘frnct16n while those

subsequent -&re membrane associated (Smith and Rebeilz, 1979).

x

Exogenous S—-ALA is readily incorporated into protoporphyrin

by the stroma fracfionafrom greening cucumber cotyledons and

the nembrane fraction converts exogenous protoporphyrin,
solubilized with methanol, into Mg-protoporphyrin (Smith and
Rebeiz, 1879). Griffiths (1974) had earlier shown that

membrane fractions of barley etlioplasts were capable of

converting exogenous Pchiﬁde, solubilized in a mixture of
. [V .

4o

methanol and sodium cholate by brief sonicatlion, to

S

chlorophylliqe. The intraplastid location of the conversion
of Mg proto-porphyrin to Pchlide has not begn deqonsfrafri
(Smith and Rebeiz, 1978), -

As previously described, an active Pchlide—holochrome
complex has been isolated from dark grown bean and barle&
leaves. The bean complex vas soluble in Aﬁueous butffers

\

whereas the barley complexi wa 8 solubilized, with the
. ,%/
detergent mixture, saponin (Henningsen - and . Kahn, 19713

‘
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Stummann,: 1978). The aqueous. solugfllty‘ of the bean
holochrome complex is n suggested to be due to the high

lipase activity in bean homogenates (Boardmen gi:nl.,r1978).
. . .

’
-

Thus the complex also»appears to be membrane associated.
Evidence presently supports two theories of phytylatlpn

(Bogorad, 1976; Liljenberg, - '}977). Tﬁe enzyme

chlorophyllase, which requires d;tergents or acetone for

p
L}

sclubilization and thus ‘iIs presumably wmembrane bound,

~

catalyses the hydrolysis of éﬂlorophyll; a and b to thq 
respective chlorophyllides and free phytol. Some indirect
evldence‘suégesfs chlorophy11;se Pcts synthetically, ho;everv
other ‘flndings 1n41cate phytylationy probably .occurs byi@
phytol pyrophosph;te 1pte;ﬁed1ate b& vaﬁalogy‘ ilth “the
terpenoid biosynthesis (Bogorad, 1976;_Liljenberg; 1977).
Preliminary studies have ;hown‘S—ALA formation is not
inhibited by chlorumphenicol,‘ an inhibitor of chloroplast
ribosome activi ty, but is inhibited by cycidhqxtmlde. a
potent 1nh1b1f6f - of protein synfhesls on cyto?laﬁmlc
ribosomeg suggesting the enzymes are ﬁot Bynthesized within
the ppystids ( Gough, 1978; Kannangara and Gough, 1973). The
identification of geneé controlling chlorophyll éynthesis
from S5-ALA to Pchlide was facglltate& by the dlécovery ot
Granick (1967) that externally applied  6S-ALA is readily
taken wup 1Iin dark growﬁ leaves and converted into Pchlide
(reviewed .by Wettstein et aley, 1971). S-ALA synthe. . s is

sub ject to feed-beck inhibition by Pchlide or F .d1de

precurgors present in low amounts, thus feeding with S-ALA

53
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results in the accumulation of high levels of Pchlgde or
precursqr intermediates if a blqckagg occurs in dark grown
seedlingse. {By feeding chlorophyll deficient mutanfs S5-ALA
Vettstein et ale (1971) demonstrated mutations controlling
the steps between prétophorphyrln IX and Pchlide were
inherited in a Mendellan patt;rn in several ba;lgy wutants.
However it is not knowﬁ if the genes code for enzymes
catalysing the Bfeps in chlorophy1l1l synthesis or the
membrane constituents which bind the 'enzymes or their
substra tes (Wetfste;n et bgl-, 1971, More recently
regulatory genes -which relax the repression ofc S—-ALA
synthesis in dark grown seedlings has been described which
also_show e Mendelian 1nheritan;; pattern (Wettstein et al.,
1974; Kahn et al., 1976).
Larotenoid Bilosvnthesis

All green tissue of higher plants of diverse_taxonomic

types and di ffering habi tats contain the same ma jor

. . s
carotenoids, f—carotene, lutein, violaxanthin and
neoxanthin, . which have» been suggested to be loca ted

exclusively 1in the chlofopﬁﬁét ( Goodwin, 1876). Goodwin
(1976) fuggests this ubiquitous pattern may indicate any
mutations which slgnlflc;ntly alter the carotenoid
éomposition would be lethal. . Lo

‘ Carotenoids are one group of several prenyllipids found
in higher plants which are biosynthesized by the terpenoid
pathway, that is built up.from c-5 isoprene units (Britton,

1976; Davies, 1977; Goodwin, 1977}.‘The other higher plant

<
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prenyllipids include plant sterols and mixed terpenolds.AThe

A\,

mi xed terpenoids/ include the 1soprenold side chains of the
. \ .

‘benz o~ and haphthoquinone derivatives,  and the phytol

portion of the chlorophyll molecule (Lichtenthaler, 1977;
! ~
. |
|

Goodwin, 1977). All the prenyllipids except sterols,

ubiquinone and lt0copherols are Located specifically in the

plastids. Ubiq#inone is found specifically in the
mitochondria ané thé sterols ar? present in all membranes
(Goodwin, 1977)% Within the plastid tﬁe prenyl congtituenfs
are located maﬂnly on the lemellar membrane whereas the
prenyl qulnonesg function as potential electron carriers
(Lichtentheler, &1977); and the carotenolds and chloroph&ll

aré essoclated |with the photosystem reac tion centers and
light harvesting complexes (Tﬁornger.-19755; p—Carotene has
been lsolate?-in a protein complex,‘héwever it is hot known
if +this represents its in vivo assoclation (Ke, 1971). The
carotenéids are |also associated with the plastid envelope
(Douce et al., 1973; Jef}ery et aley 1974) and the guinones
with the plastoglobuli (Goodwin, 1277).

The initial steps ln. the biosynthesis of lthe
prenyllipids are believed to be the same, the’formatloq of

iscpentyl pyrophosphate from mevalonic acid and \%he
' |

successivé addltloﬂg ‘of isopentyl py?ophosphate to forF .3
Cis intermediates Frbm here the pathways diverge to form[;he
many prénylliplds kGoodwin, 1977). Only the caroten%id
pethway will be b};afly _described. Labelling studies!ln

combination with lhhlbltors and mutations have been used
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over the past 20 years to 1dent1fy’ the intermediates
(Britton, 19765 Davies, 1877)e Briefly Cs units are added
sequentially tél form Coo (gernn&l.geranYl pyrophosphate ).
Two Coo uni ts are Joined to form Cgq9 phytoene.‘ Most
naturally occurring ’carotenolds of bigher plents are Cqg
tefra£erpenes (Bri tton, 1976). Phytoene 1is éequonflally
des;turatéd to +the colored cerotene lycopgne ’ihich is
converted into, cyclized carotenes, (a-garofene '.and
f-carotene ). " The xapthoghylls, lutein, vloiaxanth;p and
neoxanthin are’ sugges ted to be formed by the addition of
hydroxy 1l and epoxy groups to the cyclic caroténes (Britton,

By .
1976 4Davies; 1977). Liml ted studies have been carried out
on tﬁe enz&ﬁol;gy of the system. A major technical problem
hes been +the ;nsolubllify and instabliity éf loﬁg cﬁaln
hidroc&rboﬁ intermediates 1n»enzyme éreparations‘such that
most labelling studies have required the wuse of early
rrecursors (Davies, 1977).

Preliminary evidence sugges ts the plastid has the
ability to synthesize the carotenoids and the terpénoid side
chain of chloropﬁyllﬂand the plastid quinones, yhereas_the
sterols and ubiguinones are suggeste&A to be syn%heéized
elsewhere 1in the' cytoplasm " (Bickel and ’Schultz, 19763

Goodwin, 1976; Lichtenthaler, 1977). Nuclear‘mutatiqys of

both maize and tomato indicate nuclear genome control of the

‘desaturation and cyclization syatems (Kirk, 1967; Bachmann

et al., 1973; Davies, 1977; Goodwin, 1977).



Findings to date indicate, contrary— to pigment

‘blosynthesis, that the chloroplast is not capable of

"complete acyl lipid bibsynthesis, but reguires enzymé

systems assocfated with both the plastid and cytoplasm

.

(Givan &and Harwood, 1976; Leech and Murphy, 1976; Stumpf,
1977). The frequently used system to study the pathways and
kiretics of lipid‘ synthesis has been the incorporation of

14C-acetate or 1%C0O, using eithegy intact leaf tissue or
. o
subcellular fractions. Intermediate steps, such as fatty

acld.'elongatlon, desaturatibn .and complex lipid formation

have been further characterized .. using more complex
PR | .
substrates.
~

Studies with greening etiolated tissue (Appelqvist_gi
 Al°9 1968; Xennangara et ale, 1971; Panteéyand Boardman,
1973) and deyeloblng -leaf segments (Hawke et gle, 1974a;

Bawke et gal., 1974b; Slack and Roughan, 1975; Williams et
ale, 1975; Bolton and Harwood, 1978) showed the

<

incorporation of acetate or COp was most active during the
perliod of chloroplast devélopment. 14c0, was rapidly

incorporated into the galactose portion of galactolipids

accounting for over 90% of the label (Williams et al., 1976)

however the labelling patterns into the fatty acids of the
chlorbplnst acyl lipids were similar to those of 1‘C-acetate'
(Slack and Roughan, 1975; Heinz and Barwood, 1977). ’

Analysis of subcellular fractions of .g?eeﬁ tissue

suggested that the Ehloroplast i8 the major s8ite of fatty



-

45

acid bsypthesis (Smirnovy, 19603 Mudd iand Mcuanus,‘1962;
Stumpf and James, 1963). More reéently'uslng cell Tractions
prepeared f;om spinach leaf protoplasts, which resulted ;n
little orgaéetle disruption and a sensitive radioimmun%aséay
mei;od to quantitate ACP, it was4 conc Luded that the
chloroplast 18 the sole site of cellular de ngig fatty acid
biosyntﬁesis. (Ohlrbége et al., 1979)? The;plasflds in non-
photosyn&ygtic tissue:.avocadd mesocarp }Weaire aﬁd Kekwick,
1975) and developing cestor bean endosperm (Zilkey and
Canvin, 1969 Nakamura and Yamada, 1974; Vick and Beevers,
1978) are also sﬁggested "to be the major site of de novo

cellular fatty acld synthesis. However, Harwood (1975) found

that the fat fraction of developing castor bean endosperm

)

and Mazliak (1977) tha;'fﬁltochondria isolated from non-—-
pﬁotosynthetlc tissue (potato tuber, cauliflower tlorets,“
bean and Iupinawroots) and Bolton and Harvbod (1977) th?t
microsomes from germ;natipg pea seedlings vére also active
in fatty acid synthesise.

In both ipn yive end in vitro studies on green leaves
the incorporation patterns are not representative of the
endogenous fatty acid levels. The intact tissue {pcofpofnfed
label into polyunsaturntedl fatty acids although at much
lower levels than expgctéd tro; the endogenéus content,
while the 1éolated plastid fraétions incorpora ted Iabgl
almost entirely into palmitic and oleic acide The lower
lncorpofatlon rates with intact tissue are perhaps partlally‘

explained by the 1low incorporation into the galactolipids
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which are‘rlch in the.polyunéaturated fatty acids (Havke et
aley 1974a ). Pulée—qhase experiments with 1‘C—Acetate
suggest a time lag in the labelling of the acyl moleties éf
MG and DG. Label occurs rapldly in PC-18:1, which declines

during the chase period and accumulates in 18:2 and 18:3 in

NG  and to a lesser extent in DG (Slack and Roughan, 1975;

Williems et al.; 1976; Slack 121 al., 1977; Wharfe and

: . [
Harwood, 1978). In fact the labelling of the polyunsutura%ig.

fatty eacids of fhe galactolipids was stlllvincreaslng after
72 h of chase. (Williams et ale, 1976). Also std&ies:wlfh
greening  cucumber cotyledons suggest the C—18 desafufa8e
activities may be selectively induced during the development
of +the chloroplast mémbranés (Murbhy and Stumpf, 1979).
Activitiés ‘from the more mature tissue werg afja much lower
level and are sﬁggested t9 keep pace with membrane turnover
.(Murphy and Stumpf, 197é). Thusv£pth the state of maturlfy
of thé tissue and the often used short 1ncérp6railon periods

could partially ! account for the low Iabeillng of
B 3

-

po lyunsa tura ted tatty.acldé in 1ntac; tissuee.

_The diétribution of»*he labelled acyl groups among the
lipid classes also &1tfered “ma£ked1y bétyeen the intact
tiésue and th; isolated plastide Using intact tissue the
polar 1ip1ds eccumulated B5-90% of the acyl label from
- 18C—-pacetate (Roughan gi aley '1976) whereas wlth-isqlated
plastids free fatty acids contained 70-80% of the activity

of wh}ch oleic acid (i8:1) constituted 76-90% of the free

fatty ecids synthesized (Hawke et al., 1974b; Roughan et

Nt
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aley 1976 ). More recently it was shown that incubation of

intact plastids with Co& and high ATP concentrations-shifted

_the label from predominantly free fatty acids to diacyi-:M$ 

glycerols and acyl CoA's (Kleinig and Liedvogel, 1979). The

inability of isolated chloroplasts to synthesize

polyunsa tura ted fatty aclds appears to be due to theilr

interdependence on other cellular components for further -

‘1ipid synthesis. It the meize chloroplast fraction was

substituted with the non chloroplast particulate fraction aé
1nc£eased biosynthesis of polyunsaturated . fatty acids
resulted (Hawke .gi ale, 1974b). Also cell fractionation
immediately following 14C  feeding showed the rapidly

labelled PC-18:1 wasg associated with ‘a non;chioroplast

membrane fracflén sgdlﬁenting at 10,000g ﬁnd'14d{0003 (S””
and .Roughan, 19753 Slmpson'ane Wlliiams, 1979). Durihg the
chase period the label declined in the fmicroéomal'fmehbrane
fraetlon and increased 1in the MG-acyl lipid in the
cﬁlo;oplast.fraction (Stack and Roughan, 1975).

Stunmpf (19753 1977) andA coworkers have published an

4 -

extgnsive; cgeries of papers on the bios&nfhesls bf fatty
acids ‘in hlghér plan tse. The primery product ogugj novo
synthesis 1in the‘chlorOplgsf is palmitoyl-ACP which may be
further elongated té stearoyl—-ACP. Also stearoyl—-ACP
desatﬁfase and ‘oleoyI—ACP' hydrolase occur within the
chloroplast, which‘functlon Jointly to form oleic acid, the

principal product of  fatty aclid synthesis in the isolated

chloroptest (Ohlrogge g; aley 1978 ). The de nove

0
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synthesizing enzymes as well as the elongation and steroyl

AR

acyl desaturaaf enzymes£§?e?suggested to0 occur in the stromu

wphase (Stumpf, 1977). The enzymes of the de novo synthesls

complex have not been isolated alfhough they are considered

to be present as discrete.sggﬁﬁﬁble prot7ins since they-are‘

. s

".‘pot. sedimen ted by high gravifht?bngiﬁforce (Stuapt, 1977).

2

\(9 ,’x . ‘.m\

Thisﬂ is similar to the prokaryotic system aqﬁ dltfers froq
the multienzyme’ complex of animals 'nnd\ yénst whose
components ere not separable (Hitchock ana Nlchbls, 1971).

;ong chain acyl, CoA synthetase activities for iggﬂ'and
18:1 were shown to be associated .;1th the chib?oﬁlast
enve}ope fraction (Joyard ;And Doucer '1977; Roughan and
Slack; 1977 ). . The, acyl-CoA's serve as the substrétes for

~

L] . "

further lipid synthesls: the desaturatién and acylation‘of

24
polar lipids (Sfumpi, 1977). Further fatty acid desatur&tion
is  somewhat less understood. The mlcrosoﬁnl preparations of
both .1ea£ tissue (Slack et al.y 1976; Dubacg et al., 1976).
qn& idé?eIOping\ safflower seeds (Vijay and Stuaptf, 1971)
possess oieoyl aesatﬁrase activity fovnlﬂg 18: 2, The pature
of the substrate for the desaturase enzyme is not agreé&
upony however th071852>va§ rupidly incorporated into PC, The
chlofﬁplast fraction was shown to have the potential to form
18:3 by the sequenti;l deéaturatiqn of 18:2 (Tremolieres and
laz}iak, 1974) or the elongation oi 16:3 in 16:3 plants,
such as . spinach (Jacobson et aley, 1973; Vancg and Stumpf,

1978 ). Thus in the synthesis of polyunsaturated fatty acids

the missing 1link is the synthesis of 18:3 from 18:2. Slack
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et al. (197"7) using 2H glycerol and !*C acyl groups have
shown the completg diacylglycerol _portion of PC is
- transferred into MG. Slack and,Roughan suggest Jhelr resulté
.7 ’
1ndic9tg ‘acyl transfer does occur between the varlops
cellular cdmpartmeﬁte with PC serving as the major carrier.
However it isw not clear which acyl groups are transferréd
frem PC to fhe,galacfolipids since the label lost frém PC is
accﬁmulated in Mé in a more ;nsaturated form. Preference of
the galactosylating enzyme, forming MG from UDP-gelactose
and diglycerides, ’tor highly unsaturated diglycerides has
however, been reborted (Mudd et al., 1269; Williams et al.,

1976 ).

QEnz&me sy stems that support a2 lipid transfer have been\
el .

2

. - .
déscribede "The chloroplast envelope has the capability to

form phosphatidic acid from long chain acyl CoA'e and
glycerol-3-P '(Joigrd and Douce, 1977)e. PA was shown to play
a cenﬁra} role in the phospholipid biosynthetic pathway

(Kates and Marshell, 1975). The exchange of phospholipids
between plant cellular organelzfs was showﬁ to befstlmulated
by a scluble protein termed phospholipid exchange protein

(PLEP) (Xader, 1975; Mazliak, 1977; Douady et aley 1978) and

by 'vesiculation! from the endoplasmic reticulum in the

formation of -glyoxysomes in germinaflng castor bean

endosperm (Lord, 1976; 1878).
< ]
Several workers have' reported that gelactolipid

synthesis is concentrated in the chloroplast envelope
s . . - ] -

fraction (Douce, 1974; van Hummel ot ale.,y, 19755 Joyard and



50
_ ~ \
PDouce, 1977; van Besouw and Wintermans, 197835 1979; williams

-

et aley, 1979). Two different enzymes for the galdc tosylation

of MG and DG havéu Been suggested (Ongun and Mudd, 19685

Y

S

Besouw and Wiﬁtermann, 1978). The dlfference in the nature

offjacyl groups of the diglyceride moiety has not been

explained. Suggest;ons to account for the differences have

included substrate gspecificity, sepafnte pools of MG, acyl
exchange. and desaturation after incorporation of acyl groups
into the lipid (Mﬁdd andVQarcla, 1975; Heinz, 1977).

The bilosynthesis of the phospholipids: PI (Ka tes and
‘Mérshaily 197%), PC ( Devor and Mudd, i973), PE ( Macher et
r#lq, 19745 Marshall and Kates, 1974) and the major

chloroplast phospholléld éG (Kates and Marshall, 1975) have
béen localized primarily to the microesomal fraction of
spinach leaves. The details and the égtracellular locatlion
ofi sSL bloéynthesls have not been described (Harwood, 1975a;

Harwood and Nicholls, 1979).

The - 1ocS;Lzution of biocheﬁical activity to
lntracellular components is sub ject to. qonslderable
varistion. e difficulties in the Vpreparatioﬁ of
subce llular fragments and the wuse of biochemical and

morphological markers to establish the degrée of purity have
been descr;bed in sev 2ral recent reviews (Heinz, 1977; Leech
and lurphy,;1976; Stumpf, 19765 Quail, 1979). For example it
is teCﬁﬁicdlly dif<jicult to prepare a cytosol fraction from
plaﬁf‘ leaf cells which is not contaminated by the stroma

fraction of uisrupted plastidse. Also soluble enzymes



51

released may be adsorbed on ~+“membrane surfaces or

incorporated into vesicles formed by the disruption of

endoplasmic reticulum or chloroplast envelopes (Stumpf,

1976 ). The chloroplast envelope membrane fragments probably

sediment wi th other organelles and membrane fragnénts
between 4000g and 144000g (Leech and Murphy, 19765 Williams
et al., 1979). Also balance sheets of enzyme activit;es
among subc »1l- ' lar fractions could easily be altered by the
uﬁé@hal dlstribution of lipld degreading activities in these
fractions (Heinz, 1977; Douady et ale., 1978). % /

‘,'/ .
Few studies are available on the gene?lcs of liéid

. W
synthesis. Breeding programs for modified “~fatty acid

composl tion in seed olls suggest nuclear control of elongase

'

and deeatprase enzymes (Downey and McGregpr, 1976 ). Studies
6n wheat kefhéls indlicate thaf the gene or genes localized
to a segmenf of chromosome 5 control the relative levels of
MG and DG in wheat endosperm (Hernandez-Lucus et gl.,.1977).
A nuclear mutant has been described ;hlch releases the
controls on MG synthesis in greening barley seedlings. Even
o
though the mutant coqtalné' only 25% of the chlorophyll
content present in the normal its incorporation of acetate
into MG surpasses the normal by S0% (von Wettsteih‘gi ale,

1971). The 1light 1nduced increase in desaturase activity in

greening cucumber cotyledons was inhibited by cycloheximide

suggesting the Increase in the desaturase enzymes is-

dependent ugoen protein synthesis by the cytoplasmic
N . ’:“';5‘;;

'q{x i |
ribosomes (iﬂrphy and Stumpf, 1979 ).

7

e

)

@
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Fe Acetyl Coenzyme A Carboxylase

2

-

Acetyl CoA carboxylase was initially identified in the
late 1950 g uélng avian tiver extracts as one of two
essential enzyme complexes requli red for long chain fatty
acid synthesis. The other coﬁplex was later sﬁown tobbe the
. fatty acld synthetase.multienzyme complex. The synthesls of
fatty ecids from acetyl CoA w;s Shown to be bicarbonate
dependent..;hls led subsequently to the finding that malonyl
CoA was the product of the ATP—&ependen¥ carboxylation of
acetyl CoA and that the fatty acid synthétasé complex
ufili%ed mélonyl—CoA for‘reductlve elongation of acyl-CoA's
(reviewed by Lane et al., 1§?4): Acetyl CoA cerboxylase has

Garase.

now been purli fied from a varieéty of animal tissues, yeast
and microorgenisms. All the cdrboxylases studlied were shown
to contain defineable subug;ts, however the animal and yeast
complexes requl red SD@&anq°urea treatment for dissociation
113{. J%f
which resulted in the,inactivation of the subunits. The E.
coli enzyme complex was’' however readil? dissociable into
active subuni ts and? the partial reactions have been

primarily defined by the study of the E;'Qﬂll systems (Volpe

and Vageloé, 1976).
Escherichia coli Enzyme Complex

‘' The E. <ol] complex was shown to” contain three

LS

<
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proteins, blotin carboxylase (BC) biotin-carboxyl carrier

Jrofein_ ( BCCp) and cabboxyltnansferase (CT) which were

readily sSepare ted by conventieoenal Protein fracflonntlon

"techniques. The proteins were fbund to catalysge the two hale.

reactlons as shown by Volpe and Yagelos (1976).
ATP + HCO3 + BCCP °——BC/Mg,Mn-—-> COZ—BCCP'+ ADP'"‘+ Pi
CO,~BCCP + acetyl-Coa ————CTf———> BCCP + malonyl-Coa

¢

The carboxylase wag previously found to be a biotin enzyme

gfince avidin blocked its activity (Lane_eg/EIT, 1974). The

to be similar to that of other biatin enzymes (Vagelos,
1974 ; Visser and Kellogg, 1978; Wwood and Borden, 1977). The
biotin serves as fhe covalently bound prosthetic group,

binding +to Just one of the polypeptides which is termed tﬁé

T
blotin ¢arboxyl carrier protein (Vagelos, 1976). The BCCP

plays a central role in the carboxylation of acetyl CoA .and

as shown above it is carboxylated to form "CO,~-BCCP in the

biotin carboxylase reaction’ and +the carboxyl £roup is

=

transferred to aéetyl—CoA "to  form malonyl CoA by the

carboxyltransferasevcatalyzed reaction., w

vy Malonyl Coa was :also shown tombe & highly reactive

subetra te for fatty acid synthesgig in plant tissue and
acétyl C;A carbox&luée'ﬁas condidered to be  the key.enzyme
lnvdiveg in 1 +tg s8ynthesis (Sfumpt, 1976). Acetyl Co4
carb;xylase - from wheat ’gerﬁ ‘(Butch aﬁd Stumpf, 1961

} -

Beinstein and Stumpfr, 19695 end barley embryo extracts

B

RN
.
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(Brock< and‘_Kannangqra, 197§) wag éhown to be a completely
3 ) .

séluble protein and has  been purified 1000-fold to a

) speéiflc ‘ectivity of 6.3 and 7.4 umoles HI‘CO3 “4ncorporated
\ X :

™\
\

per mg -protéin per min, respectlvelprThe highly purified
wheat germ enzyme was partially dissociated into two protein
O . .

conetituents. on sucrose density gradients followed by
LE

ultracentrifugafion or mo lecular sleving on Sepharose 4B.

The partial activities of €%B two proteins suggested the BC

aﬁd‘ BCCP separated as one complex and CT as the other
R

(Heinstein and Stumpt, 1969). The MW of the barley enzyqf

\ . . :
complex qu‘\estimated by gel filtration chromatography as

610, 000 daltons.~/4:¥ barley complex sebarated into 3 bands

Qn polyacryl#mide géls of which only one contained biotin
and corresponded to a MW of '21,000.da1tons.’;he biotin
polypeptide was identifled a8 the BCCP since it wag able to
~function as +the carboxyl carrier with purified E. coli BC

and CT (Brock and Kennangara, 1876). The E. ¢coll BcCcCP was

found to: have a MW of 22,500 pDaltons. Earlier reporfé.oi

N

9,100 ﬁaltons wvere shown to be due to the actfﬁﬁ of
proteases (Fall and Vagelos, 1972). ‘

The location oOf the enz&me within the chloroplast hasg
ﬁeen determingd by lnéirect me thods. Intact chloroplasts
readily.‘incorporate Pcetate into palmitic and oleic acid in
a CO» requiring reaction suggesting the acetyl. Coa
garboxylaee 154 functionlng effectively. .Hové?er; upon

disruption of the chloroplast, acetate and acetyl CoA served

-
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asg very poor substrates but malonyl CoA was readily
incorporated 1into fatty acids (Qrooks»aqd Stump®, 1966).
These findings suggested thdt the acetyl CoA carboxylase was
absent or inactive in such preparationse. The addition of
phosphorylated compounds ' which ser?e as substrates for fhe
reductive carbon cycle lndicated.the disrupted chloroplast
fraction ;as capable 61 performing carboxylafloﬁe associated
with the cycle suggesting a seleétlve 1;h1b1tion for acetyl
CoA carboxytase ({Burton aansfum?f{r1966)-ADecarboxylatlon
of malonyl CoA and deacylation of acetyl CoA were ruled out.
Th? presence of an inhibitor was tested for by ;he addition
of the disrupted chloroplast fraction to a preparation og
wheat germ carboxylase (Burton and Stumpf, - 1966). Thé
cﬁforoplast  preparation markedly depressed the wheat germ
, . s
actlvlty‘ and’ the lnhibltlpn was shéyn to be independent of
the reaétion time and heat. stable ( to bgiling water for S
min) and alsé not removed with papain digest suggesting it
was' non enzymatic (Bufton%and.stumpf,_1966). The 1nh1$1tory
effect was lost upon ashing 1nd@catlﬁg heavy.me¥als were not
the ca;gg (Burton and Stumpt, 1966 )¢ The above sfudy was
conducted on lettuce chloroplasts. An inhibji tory effect was
aleo sugéested from sfudies with barley plastids. Mild
activity was detectéd on hlaetids 1 solated from etlola;ed
seedlingse during initial 1i1u§1nation but the activity
declined quickly during theA first- 12 h of greening

(Kannangera et al., 19271).

Eannangara and Stumpf’ (1972) postulated that the



|
) , |
chloroplast enzyme properties were similar to those of E.

< |

QQL;. Incubation of disrupted spinach chlgroplasts with ATPL

'

| : \
14C-bicarbonate and | MgCl, and NnCl,; followed by filtration.

) . . |
- through Sephadex G-?O' revealed the formation of proteiq

. o ‘ < : |
bound-14C0, suggesting the constituents BC and BCCP whicw

1 ' " .
"Le necessﬁry for the!tormqtion -pf BCCP-CO, were functional.

‘ ) .
The presence of tqnbtion}l BC and BCCP within the pla=stids

"was also indicated |by &he s tudy in which th;'chloroplast
assay‘ system was s pple&ented with the E. coll carbdxyl%
transferase and good m lonjl CoA Qormation occurred. However
very high- conqentrut onsi of Ee g;li CT were required for
meximum activity, 1.5 mg per 31 ug chloro;hyll equivalent
eniyme p;eﬁaration (Kannangara and Stumpf; 1972)« The
location of the enzyme suﬁunits within therchlérépiast was

also studied in this work. Thé sepafated’strowa and lamellar

fractions were themselves ineffective in binding 1%CO3. Bo'th

fractions were required for BCCP—“COZ formatione. Subsequent'

separation of the‘ fractions showed the lamellar fraction
contained the BéCP—“COz and the label was readily
1nc6rpobated, into malonyl CoA upon the addltioﬁ Jt acetyl
CoA and E. colj CT. Thus the BC constl tuent was conéluded to
be e gtromal enzyme (Kennangara and Stumpf, 1972). Addition
of 0.06 M +to 0«1 ‘M sodium bicarbonate to the disruptlgn
buffer enabled the detection of very low lncprporatiqn of

. . _ 1
1~14C acetyl CoA Iinto malonyl CoA (Kannangare and Stumpf,

S

1872), by perhaps stabllizing the CT constlfuent ( Stunmpt,

19753 1977)e. This 1indicated the complete =acetyl ,CoA
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carboxylasé enzyme System occurs within the plastid.'The,CT

-

.constltuent was further localized to the stromal fraction by

testing the “Btromal and lamellar tractiéns for activity

using 1-14¢ néetyl CoA eand E. goli BC and BCCP (Ea)
e o

(Kannengara and Stumpf, 1972). Thvs this study concludedf

theat the BCCP was membrane bound while BC and CT were

soluble in the stroma.

A study of the biotin distribution within chloroplasts .
of & number of higher plant species sho;ed é;ns{defabié
variability in the per cent soluble and memb#ane bound
biotin. Two éxtremes were,tobacco and barley which contalned
56% and 80% respectively of’ their biotin content in the

membrane bound form (Kannangare and Stumpf, 1973). Further

study of non membrane bound biotin revealed that most of it

‘was not precipitated by heat denaturation followed by

centrifugafion at 110,000g end was taken as non protein

a

assoqutedb.bio&in (KEannangara and Stumpft, 1873). Biofln
protein was primarily in the“;oluble form in barley embryos
and wa 8 sﬁovn "to become pr;domiﬁaqtly membrene bound in 4
day seedlings ( Kannengara and Stumpf, . 1973 ). More recently
xandkngara ﬁnd Jensen (1975) wevre able to incorporate:
14C-piotin into a chloroﬁlast ianellar profeln by
aseptically culturing barley embryoé in a medlqm confalnlng
the 1;beled’ biotin. Little biotin was sﬂown to be
metabolized in this study. Disc gel electrophoresis ot the

lemellar fraction showed a single radiocactive spot with an

apparent MW of 21,000 daltong. The polypeptide retained its
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functional form and was shown to function as a carboxyl
o ‘ » o o : »
carrier in the E. g¢oli acetyl CoaA carboxylase‘assay, Ee gcoli

BC + CT + lamellar BCCPy to form malonyl CoA (Kannangara and

Jensen, 1975),

Qtber Chloroplast Enzvme Complexes

Recently two enzyme complexes have been implicated in

the . generation of the subgtrates for the acetyl CoA

o .
carboxy lase comp1e§ « Using chloroplast suspenslons isolated
from young expandlhg spinach lteaves and displaying 70 to 90%

1nta8tnéss,f{as Judged. by phase contrast microscopy and

\

’ferrfcyanldé reduction and capable of high ra tes of

photosynthe tic CO; * fixation, Murphy and Leech (1977i first

.

demonstre ted isolated plastids could 41ncorporate

photosynthetically fix#d CO» into acyl 1iplds. The pattern

of lebelling was similar to.that described using acetate. It
4

was thus 1nferred7 chloroplasts vefe capable of acetyl CoA

synthesise. Earlier studlés bhad suggested a shuttle mechanism

lﬂvolvlng exfrachlo;qplast enzymeg toﬁsﬁpply the cPIoroplast

with eacetyl CoA (Sherratt and 'Givhn, 1973). A possible

prathway for bipsynthesis of acetyi CoA 1n4the‘chloroplast

wvas postulated by comparison of the 1§bélling‘;:ﬁterné of
di fferent postulated pre;ursors and 1sotope competitlon
studigs (Murphy and Leeéh, 1878). Their findings were
consistent with the proposed pafﬁway:
HCO3——>3PGA¢——>PEP-—7>pyruyate-—-)acetleoA——*)ﬁ&fty acids

This 1 also _ln agreemqnt with the proposal oi Yamada and

b

Nekamura (1975) who showed PGA and pyruvate were effective
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suﬁstrates using a 3H,0 lécqrporation‘systen whereas malate,
citrate, OAA, glyoxylate and glycoliate were inadequate.
Their results further indicated that the principal path for
.Pyruvate 'ﬁas~'the decarboxylgtioﬂ of pyruv;te to aéetyl.CoA
conslétent with = the activity of the piruv@te dehydrogenaéq
complex. 'Pyruvatév dehydrogenase - complex aétivity ﬁas.beeﬂ
found associated with the proplastid ?raction of de&elqping
casto; bean endosperm (Reid et ale., 1977) and the zcetyl CoA
&enerated is probebly channeled into long chain fatty acids
(Simcoxjgi al- 1977).

Wolpert and Ernst—Fonbérg (1975) lsolate& a multienzyme
complex from Euglena angilig Qy ‘ biotin af?ln%ty

chrometography.,. The enzyme complex contained three en%yme
activitlés, - phoéphoeno}pyrgvate carboiylase, . ﬁalate
dehydrogenase and acetyl CoA §arboXy1ase. They proposed fhat
the complex enabled a relatively high concentration of HCOj3
to  be created and in th1§ way the CO, captured by the PEP

carboxylase is channeled specifically to the acetyl CoA

carboxy lase.



» IIX. LIPID CHANGES DURING GREENING OF BARLEY SEEDLINGS

MATERIALS AND METHODS

. AﬂbPiant laterlal. &
Barléy »(nggggm yulgare CVe: Gateway) and its
chlorophyll deficient mutant were used in this study. The
mufafion.,ls thought to be a spontaneous one since it Arose
in the water control ofra chemical mutagenic study (Miller,
1965 ). It is described as being of the virescens type since
aeedlings which \ were originally pale yellow—-green on
emergence developed near normal pigment levels with age

.(Maclachlan and Zalik, 1963 ). Walker et al., (1963) csncluded

the mutation involved a single recessive nuclear gene and

ﬁ_\,\!;fi)' .

this ' was confirmed with reciproca} croseés (Steﬁhansen and
z;uk, 1971).

'Seeds of Gateway and the mutant were surface sterilized
with 5% sodium hypochlorite for 15 min, then rinsed several
t;mes with distilled water and grown in vermiculite. The two
lines were .grown slmulfaheo;sly under qontinuous.light at
600 ft-c and 20 C. Seedlings were harvested at intervals

from 4. to 8 days after plantlng{~‘The apical 3 cm leaft
segments Qére, uéed 1or.11p1d and §lgment analysis except,

when indicated, an additional 3 cm segment towards the basal

regicn and adjacent to the apical éegment was also studiede.

60
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"
Be Solvents

All solvents ﬁeré of an#lytical reagent grade. Acetone,
chioroformy hexanes, ligroine (petroleum ether bb 63-75 C),
methanol;‘ and n-propanol were redistilled befére used.v
Phenol wused for sugar déferminatioﬁs was re&istllled and

allowed to crystallize.

C. Lipid Ex traction ‘ ' -
Seedlings were bharvested at 4, 6, and 8 days after
plenting and weighed ;n cappe; me tal tins. Segments from S0
leaves, apéréxlmately 0.8 g, were required for the‘4 day
- analysis, however 30‘1¢aVes. approximately 0.5 g, érovlded
adequafe sample for +the 6 and 8vda; analyseg- The leaf
éegments were wrapped in chgese.cloth and steamed for'10 m1n
to denature lipﬁsé-enzymes (Yang et al., 1967; Ropghaq and

<

Boardman, 1912). The samples’ Yefé then extracted with
approximately 15 mt chioroform/methAnbl " (C:a:M) (é:l,-f/v)
using a Ten beeck‘ tissue grinders: The homogenate was
trensferred ‘to a steinless s;eél_{éet tub; and cen¥ﬁituged
at 105, 000g for .10 mine The péllet ;as resuspended in C:IN
(2:1,v/v) and the suspenslon filtéred through Whatman #1
filter éaper with severalx washihgs- The il ter paper
contalining the pig;ent free residue was saved for nltroé@n
determlnatloﬁs; The filtrate plus lgitlal supernatant were
i y
pooled and @ade to volume (25 ml), .A 2 ml aliquot was

withdrawn for chlorophyli estimations and 20 ml for lipldw

estimations. The non—-lipid contaminants were removed using
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the method of Williams a;d Merrilees (1970), which utilizes
the ability of Sephadex G-25 to swell ip water and.absorb
aqueous soluble coptamlnants. Eor the rhase séparatlon
methods of Folch et glL‘(1957) nnd.Bllgh and Dyer (1959)
separations weg@b obtained~ by low speed cenfrlfugntlonsg
Using +the Seph;dex metho&, 1 gm of Sephadex GfZS was added
to: each 11é1d extréct.tollowed by 0.2 m1-water to facilitate
swelling. Initial samples prepared with;ut the addition of
water showed contaminants around the origin of thlﬁ layer
chromaéqgrams- The solution was concentrated at room
tempeta ture until no free liquid remained using a rotary
vacuum = evaporator with +he receiver cobled\ by lléuld
n;trogen. -Thg Sephaqex wvas resuspended in cﬁloroform 9nd
conéentratéd again, this . ensured cOnpletebabsorption of the
aqu§§us:§solub1e  compounds (Williams and Merrilees, 1970).
The.‘sdhple was again resus;ended in chloroform and the
suspens ion poured into a narrow chromatogrdphic column (1 cm
ID) with the ‘end ‘drawn to : qaplllnry and the opening
layered with glass wool. Lipid; were washed from the .
Sephadex with 100 ml chlofofyrm. Nonltorlhg‘furthgr ;AShes
containing methanol (C:NM, 2:1v/v)~ b&< thin »ia&er
chr&matography (TLC) revealed only falﬁt traées of some
lipid components but also showed‘ contAmlnants about the
origine. A yelloQ plgmenk remained 1n.the columne. It was not'
eluted with methanol but was removed with water. The 100 ml
chlorotorm( wash was concentpated ‘on  a rotary vacuum

‘3
evaporator and made +to volume (2 ml) with chloroform. For
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tofgl lipid weight determination 600 ul snﬁples in duplicate
we re transferred to pre—welighed vials andifconcentrated to
dryness with nitrogen. The samptes were further dried over
silica gel 1h a vacuum desiccator for approximately 3 days

for constant weight determinatione.

De Seﬁarétlon of Polar Lipids

The polar lipids were separated by fyo—dimensional.thin
layer chromatography (2D TLC) using the  solvent sysfém
outlined by Ailen and Good (1971). Thin layer glass plates
(20 x 20 cm) were coated with a 250 um layer ot'sitlca gél
BR (Merck). They were allowed to dry at ieaéf 3'; at room
temperature before aqtivdtion and were activated Just_pr{or
to use at 110 C for 1 h and coole§ in a desiccating chamber.

A 200 ul aligquot of the total lipid extract, containing
0.7 to 1 mg (gravimetric éstimatlon) was uﬁplled as a single
spot to the lower left corner 2 cm from either edge. During
sample application the TLC plate was maintained under
*ﬁltrogen a tmosphere usihg a sﬁecial fabricated applicator
box whibh enabled a 'éontlnuous stream of nitrogen to pér

passed over the plate.

' The chromatography tanks were filled to a depth of 1.5
cm  with the developing solvent and.the tanks whlch wére
iined with filter papér ;ere tilted to moisten the filter
paper 11nér. Theusoivents were pbepared fresh for each rune

In the first directio™ the chloroform:methanol:water mixture

(65:258:4,v/v) was allowed to run apprdxinately 15 cme. The
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pla tes we re removed and ' dried ‘in a vacuum oven a+t room

tempera ture . for 15 mln.l The ~ vacuum was released under
nitrogen and the plates were immediately chroma tographed in

the second direction with the chloroform:methanol: -

isopropylamine:ammonia (65:35:0.5:5, v/v) solvent systeme.

Es Identificati&n ot Phosphoilplds, Glycolipids and Gramine
Spraying the plafg 11ght1ylw1th 50% sulturic acid and
charring in an oven at 180 C for 15 min outlined all_thq
lipid spéts on the TLC plafe,‘Authéntic samples, fatty acid
.analysis, infra red spgctrnl analysis, gpecific color tests
and comparisons to the mlgrati%n Patterns shown in published
chromatograms . were used to lldentify  11p{d classes  and
indlviqﬁal lipid spots
'
Fe Lipld“Qéantlticatiqn
Quantific;tibn .of the lipid from the normal and mutant
seedlings was based on fhel; fatty acid content Qslng an
internal fatty acid standard (Kuksls£?1966; Allen and Good,
1971).)The 11p1ds’were also quantlfled on the bagls‘QfAtheir
A 2 _ _
sugo.r ( Roughan and Batt, 19@85 and phosﬁhorus (Biétlett,
1959) content in some instances. . >
Phosphorus Apalysis -
For both the phosphoruq_and‘galactoae deéeruinations
the Ilpld 'spots were detected with 1od;ne‘vapor, the areas

outlined and the iodine allowed to vaporize. Phosphorus

containing areas were scraped into pyrex test tubes. Prior

-

’

&
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lipid elution was not required since the highly purified

gsilice gel HR does not interfere with the assaye. To each

S
+

tube 0.5 ml of 10 N sulfuric acid wag added and the tubes
were placed in a metal heating block at 150-160 C for 3 he. A
few dréps of 30% H,0, were then added end the solution was
hea ted an addi tional 1e5 h to complete combustfbﬂ. To the
cooled hydrolyéate 4;6 miwof 0¢22% ammonium molybdate and

0.2 ml of Fiske Subba Row reagent was added, the contents

~
i

mi xed thoroughly and heated for 7 min in a boiling water

{
bathe. The samples were centrifuged at 10,000g for 5 min and

the optical density of the clear solution read to 830 nn

with a Beckmann Model 25 spectrophotometef. A representative

absorption scan and standard curve is shown in Figure 3.

Glycolipid spots Qere scraped into centrifuge tubes.

The lipids were deacylated by the addition of 2 ml of 2 N
w .

H>S04 to each tube and heating in a boiling water bath for 1

hy during which time they were shaken 4 to 5 timess. The

absérbent vas fﬁen relleted at 10,000g for S;mln and 1 ml

aliquots were wlthdr;vn'from each tube. To each aliquot I ml

of 2% iphepol and 4 ml of concentrated H>S0, were added
\ ai

followed by 1 mmediate mixinge. After céoling‘tor 20 min the

absorbance was read at 490 nm. Representative absorption

gcans of galactose, galactolipids and sulfolipid are shown

¥

in Figure 4A. Galactose can be -substituted for

sulfoquinovose as a standard in the sulfolipid assay since

-~ *

egua l weights of galactose and su}foqulnovse give the same

°

VX
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net absorbance (Roughan and Batt, 1968). A representative
v
standard galac tose curve with standards treated the same wvay

as the sample 1s'shown in Figure 4B,
Internel Eatty Acid Standard

Lipid areas were visualized by spraying the plates vltg
Rhodamine 6¢G :(Allied Chemical), The spray solution was
prepared just before use by mixing an equal volume of 0.006%
faqueous Rhodamine 6G and 2N N$DH. Best resultsg vere obtained
Lf the developed plates wvere dried under vacguum for 2 min,
Immediately followng" spraying the Plates were viewed‘under
short wave ul tra violet Hillum{natlon. The 1lipidg ‘areaa
(yellow-or@nge fluorescence) weore outlined, and the spots
we re 8craped into 15 ml screw—capped .(with teflon liners)

test tubess The transesterification mixture containing 5 ml

of the internal standard was then added. For the ma jor

lipids: monogalactosyl diglyceride (NG), digalactosyl
; \ a

,'diglyceride (DG), Phospha tidyl chollhe‘ (PC) one ml

containing 10 wug of heptadecanoic ‘acid (C:17) (Applied-

Science) in methanol gave adequﬁte: detector response.
However, for the 11p1ds‘ present 'ln lower amounts?
phospha tidyl e thenolamine (PE), sulfolipid (SL) and

Phosphatidyl inositol (P1) 0.5\ ml cohtainlng S ug of the
internal standard in methanol was added. The screw caps were
loosely closged during ;he initial 10 min of heating in an
oven at 70 cC. They were then tightened secufely and hea ted

for 2 h at 70 Ce The contents were allowed to cool, then
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diluted with 5 ml of distilled water and the methyl esters

vere extracted with 3 successive 2 ml portions of hexanes

\

(bp 65.2 to 67.6 C). Pasteur pipettes were used to collect

the hexane phase which separates quicdkly following mixing.

.

The pooled extracts -for each sample were concentrated to
npar ‘ dryness under nitrogen, transterred.‘;lth ssyeral

. ’ ) “"\. ——
washings to 1 ml vials and concentrated to dryness under
nitrogen. The methyl esters were rasolubillzed in 50 ul
methanol for tLe major lipids end 25 ul for those presdnt in

% ' .

lower amoun ts. The vials were capped and stored under

nitrogen at -20 C until required.,

The fatty' acid methyl esters were analyzed on an

',’:

Aerograph model 200 gas chromatograph quTBBéq\ with a

hydrogen flame ibnlzlng detector. A coiled stainless steel

column (1.7 m x 3 mm) ‘packed with 10% ethylene glycol

adipate on Anakrom SD, 90/100 mesh (Analabs ) was used with

‘_nitrogen as carrier. The qoluﬁn,temperafuro was programmed

at 8 C /minkfrom 100 to 19S5 C with the injector temperature
held constant at 240 C. A 2 to 4 ul saiple prepared as

described above gave good detector response.

For quantification of the methylesters and in turn

their regspective acyl xlipidsr the ester éeak areas were
compared to that of the C:17 1nternal\standard. The response
“ctors i;re determined; with quantitative fatty acid
methylester mixtures (H103 .and K108, Applied Science) and
are glven in Table II. Thué for an individual l;pid spot
éollocted from a thin 1ayey plate the llpldnwaé'quantlfiéd

. . i
’ ‘ R

o ;' Lo s —

©
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accorcding - to: : {

A Y

nanomoles R { = nanomoles standard (sum of

'

adjusted ester peak areas/peak area of standard) x
1/110 . ’ . -

where n = 2, the number of acyl residues in the lipide.

Table II. Résponse factors of the flame fonizing detector
for fatty acid methyl esters.

M S e e i o . i e i S S o i S o i W e S S b T ! . i S, . i e . A~ . T . . S S . g o

Metbhyl Easter by ¥Yeight ~ . Molar?
16:0 1.03 0.97
17:0 , 1.00 1.00
18:0 0.99 ’ 1.04
18:1 i C1e11 ‘ 1.16
18:2 1.09 ! 1.13
18:3 0.98 S 1.01

e . . i e —-—-—-—-—-——-----———__—....-—-—-—————._——.._--—-—.-—_——

rafios are averages of three determinatlons.
lpeak areas were multiplied by these factors to convert
to molar ratlos. ‘ :

{

\ ﬂ .
G. Chlorophyll Determination

A 2 ml aliquot of the C:M extract was concentrated to

’drynéss ‘under dim 1light and resolubilized in 80% acetone.

The chlorophyll was determined acdcording to Arnon (1949).

1T2e revised coefficients of Jeffery et‘alo.(1974) were used

.to quanti fy the chlorophylls separated by‘ thin layer

4

. ‘ .
chromatography. ' _ ‘

¥

He Nitﬁfgen Analysis

The nltrogen content of the pignent free residue was
fe Y

determined uslng a ulcro KJeldahI digeet and the ammonla was

Eqnantltled' by th; .phenol-hypochlorite procedure (Jacobs,
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19653 Mitchell, 1971). A representative absorption scan and

standard curve are shown in Figure Se Nitrogen values~were_"

converted to protein content using the factor 6.25,.

I. Gramine Analyslé

Grgnlne content was‘estihate¢ by the xanthydrol method
for tryptophan analfsis (Dickman and Crockett, 1956; Moore
et al., 1967; Woods and Clark, 1971). Standards and sample
were 1ocated’qn the TLC plates by spraylng.}lghtly with the

T

xanthydrol solution (0.1% xan;hydrol in 95% ethanol and 5%
conc HCl)e The spots were scraped into centrilfuge tubes and
the silica gel HR .was extracted with 2 successive 2 ml
portions of 6 N HCl. 'To the pooled supernatents 1 ml of
xanth&drol rquent, conteining 1 mg xanthydrol 1q acetic

acid, was added and the contents were heated in a boiling

water beth for 15 min. After cooling, 1 ml of sodium

bisulfite, 1.5 mg/nml, was added. T absorbance at 500 nm

"was read after 30 mine. A represerntative standard curve and

absorption ‘spectrum is shown in Figure 6.

To ensure adequate sample ‘fo infra red *spéétral

anelysis gramiﬂe was ! nlated from both normal and mutant

barl;y leaves using the method of Schneider et al., (1972).
The graﬁlne Ir;ctlon was subjected to the-Qﬁ TLC system as
outllne& for lipid separgtloné except 1éopropylﬁntne was notv
lncludeq in the sééond.solvent systeﬁ. The gramine area was

visualil zed by . exposure to ;odine »Vapor' undgelutdd thom

silica ‘gell wifh 'C:N (1:1; v/v)e The clear solution was
N < . . . .

P
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Eigure'3. Absorption scan of the phosphomolybdate complex (A) and.a
» typical standard curve used for phosphorék estimations (B).

“»

Figure 4. Absorption scans of galactose and sugar constituents of
monogalactosyl diglyceride (MG), digalactosyl diglyceridé'
(DG) and sulfoquingvosyl diglyceride (SL) from barley
leaves estimated by the phenol-H,SO, procedure (A) and a

typical standard curve used for galactose estimations (B).
- _ ' L

Figure 5. Absorption scan of the ammonium complex estimated by the
phenol-hypochlorite procedure (A) and a typical standard
curve used for nitrogen estimations (B). (NH4)2804 was
used as the standard. : » i -

0

Figure 6. Absorption scan of the gramine-xanthydrol complex (A) and
a representative standard curve uséd for gramine estimations
(B). The gramine content was quantifted using the xanthy-
drol method. :
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concentrated 4o dryness and resolubiliied in a small volume
of carbén tetnachlorlde; The IR spectrum was detgrmlned with
a Perkin Elmerv 421 grating  spectropho¥ometer ( Spectral
Laboratories, Départ@ent ot Chemistry, University of
Albértg).\ Spectral anal&sis was attempted ‘on gramine
extractéd with the total lipid extract and further sep;ratedv
by 2D TLC, however the samplé was not sufficient even after‘

- ~
poolingvséveral plates.

e

-~

Je Analysis of Pigment Remaining oh the S;phadex CpluQu
?1gments remalnlng on,thg G-25 column vgre completely
elufed ‘witﬁ 25 ml of diatiiled wateres The [eluent was
céncentrated by freeze drying and redlseolfe' in a small
voluﬁé  of wg&er. Allqﬁots were applied-to‘sllica gei HR TLC
plétes‘ and screened according to the procedures oufllned by‘
,Eégerv (1969)f The plgmente& compounds dld'not moveltron the
origin in the solven¥ systems:‘A. benzene:ace*one_(9:1 v/v)
which would  separate “éi;ghtli.bolar phenolic derivdt;veé?
and bB; chlordtorm:éceflb qci&:wafer (50:45:5,v/Vv) whléh
would separate :phendllcgl of medium polarity. Sebdrafions
were oﬁtaineé “with s§1§ént‘ syg*en .C, ethyt vacetqte:é
,bﬁtanoneiformic .acld:water (50:30:19#101 v/v) Qeveloped for
étrongly . p#lar biani phenolic ‘derivatives lncludlﬁg-

flavone-glycosidee quhanthopynﬁld;nsa

‘The bextract was further studied by one. and two

Adlmqnélonal paégr’ chromatogbaphy,'as Lie}l as visible and
hultraviolet specfral  ana1ys1s. The hpper phase ' of " the
) . . . : :



73

butanol:acetic acid:water (4:1:5 v/v ﬁlxture was employed as
the solvent syétem in the one dimehsionul stﬁdy (Egger, _
1969). Two dimenslonal ascenhing éhromatography was
perforﬁed by foldipg a Whatmann #1 sheet over a 20 x 20 cm
glass platé with fhe_paﬁer éecured at thg_tOp 6f tﬁe plate
for  each dimension. The édlvent,systems were; I tertiary
butanoliacetic acld:igter' (3;1;1 v/v) an& iI acetic acid:-

water (15:85 v/v) (Mabry et al,, 1970). Development time was
. T “ ¢
12 h in the first;%nd 45 min in the second direction. The

chr&matograms were viewed under UV light and the fluorescent

" zones outlined. For UV and visible Specfral analysis the

zones were eluted with ethanol containing 30% water.
1 . ,

Reaction with sodiuﬁ ethoxide solution consisted of adding a
. u P - . ‘
sodium hydroxide pellet to the sample cuvette containlng the

agueous ethanol extract, swfrling briefly, withdrawing the

‘ i
rellet and rescanning.

K. éarotenold ‘Bit.lnalxlon' R - | r
'Cdrotenoidsf‘weré ext;&cted, 'pﬁfitled')and quaaflfie&-

essgpt;ally by' t:e prOgédurés outtined‘by {é;fngyletvi}f

'(1374) and Jeffrey (1968); ALL proéedures igfe.cafried ou;

‘

under dim lighte. :
Extraction B % S .

'The barley leaf eogpents were.lnltlnlly ext}acted 'Ith

<
4

. 80% acetone, howevér o reddish pigment remained in the

AL , o ) T T
" ,residue. Further extraction . of the residue with C:M (2:1,

uLy/v)' foliow@& by 2D TLC.and visible sﬁdctrai analysis, by
b4 N . i - R L

"“,\A :' .':_‘ * ]3~ . ‘41" . | . v | - ) - . o s o

>

. . o .
. . ) X - v
N T
3 . - .
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the proceduyres described below, showed the pigment consisted

mainly of \Bscarotene. Treces of chlorophyll a end b were

‘"also evldént.'Theretorefsamples for quantltatlve‘carotenold

detérminations were inltially extracted with C:M 2:1 (v/v),

b »
concentrated to dryness on a Ilgsh evaporator with the

!

vacuum released gunder nitrogen and resuspended in B80%

-

acetone. The pigments were jmmediately transferred t6

diethyl ether by adding an equal volume of diethyl ether to

% ¢

the acetone resolukilized material, shaking with =a volume of

10% NaCl at least 10 times that of the scetone volume and
ﬁlaced in a deep freeze at -20 C for 15 mine. Thisg was
‘ \ , . )

performed in 100 ml- graduated cylinders. The ether phase

v

‘containlngr thé wpigments separated to the top end wgé

collected. using a Pasteur pipette and the interface was
washed, with 2 successive 2° ml portions of. ether. The
combined extracts were copcent?ated to dryness under
nitrogen and ‘the plgmentshresolubilized and made to volume
in ligroine. A few crystals of NaCl were then added to

remove traces of water and the contents were stored briefly

(1 h)»undep\nitroéeg at -20 C.

Thin laver '
The pigments were separated by 2D TLC on powdered

<

sucrose- plates. Powdered suéhose (icing éugar, Canadian

’

A ) Y
'Sdéar Factories, Lethbridge, Alberta) was passed 4hrough a

200 mesh (74 micron apefture) screen, dried at 90 C for 1 h

1

and . cooled in a «esiccator. Thirty grams of sucrose were

shaken -with 50 ml of chloroform:ligroine (1:1 v/v) in &



glass stoppergd_erlenmeyer and applied as a 250 um layer to
20 x 20 cméglass plates using a Quick—fit apparatus (Quick
Fit Instruments, Englandj. The’vhqle apparatus was placed in
a fume hood and the.plates allowed té dry f0r>15 min hefore
etorlng over sillca gel in a desiccator.

Good separations weréhbbtalned with up to S‘ug of total
pigmént' applled tb‘the plate. To obtain adeguete sample for
quantltutive anaiysis thevpooled cdntents ffom 4 plates ;erd
requh?ed} Thus the saméie size and vo}pnes use&' were
apphoxlmﬁfeiy 1 gm treéh velgh¥ ot 1é§f segnent§ fof the
@utanfv and 0.5 gm for the no;mal._ The C: M extract was
reéolubillzed’ in 7 ml of 80% acetone, 7 ml of diethyl ether

were added and the, total volume was brought to 100 ml with

cold 10% NaCl. The plgmente 'were bLought to volume with

ligroine, 1 al for the mutant and 2 ml for the normal and 10

ul were spotted per plate. The sample-‘was applied under a
stream of nitrogen and the chrbmatogrdphy tanks prepared as
described ~for llpid analysis. Solvent syéteme for the first

and second dimensions were 2% n-propanol in ligroine and 40%

o

chloroform in ‘11grolne».rospectlveiy-' Tre correspending

. ) "
developing times were approxlmgtely 12 min and 8 mine

The plgment spote were-scraped into centrlfuge tubes

end eluted vlth 2 successive 2 ml portions of the rospective

solventé listed belowe. The contents we re- concentrated to

volume and the absorption spectra recorded on a Beckman
L .

sodel 25 spectrophotometer.
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The solvents and extinction coefficients (E!;%cm) at the

[

{ndicated' wave lengths (nm) were chlorophyll a’(acetone)

Bge3= 881, chlorophyll b (acetone) Egas = 505.9;
_B—carotene\z(hexanesf Easo = 2505; lutein (ethanbl) Eqazr =
2550; violaxanthin ( ethanol) Eqe1 = 25850; neoxanthin

)

+ (ethanol) Eg3g = 2270 (Jeffrey et al., 1974). ’ !
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IV. RESULTS

A, Lipid Extractions
A comparison of the three procedures frequently used

for the extraction and purification of lipids is shown in

Table IXI. .

Table I11. Gravimetric determination of the total lipid
’ content of barley leaf segments using three
extraction procedures. Results are for the
plcal Scm leaf segments of 6 day old mutant
parl-ey seedlings.1

———— Y — — ——— s W = - ———— i . T A T e Sk i T Y S W o S S — g < — U — — —— — — —_—— — ———

dsolation Procedure mg/g iresh wi
Folch et al (1957) : 11.14
» S ! 11.19
.Bligh and Dyer (1959) . 8. 95
: 9.29
Villiams and Merrilees (Lé?O) 11.00.
10. 83

__..--........i. _____ -— ——— i —— = o < S e o e e W S P e j S—

lyvalues are dgplicate determlnations from slngle
extractions.

° -

The  Folch et al. (1957), Bligh and Dyer (1959) and Williams
: ’ . “

and Merrilees (1970) ’etho&s \gave Fimlldr"total lipid
estimates. The three extractlon proc??u;ea alao g;ve similar
patterns vfo?.Athé. polar llpidq'on 2D TLC with the solvent
systems of Allen and Good (1971) aavwell as‘éhbge of Richola‘
i1964i . {date “ngtvshovn)._The w;tliana and Nérrlleeslﬁethod*‘

was selected for further analysls‘beéauaé'the removal of the

- 77
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wa te r sdluble constituents with Sephadex was preferable to

- the phase separation procedure of Folch et al. (1957)

H. Flavbnolds

Separation profiles of the agqueous eluent from the
Sephadgx G-25 column b; paper chromatography are shown in
Figures 7 and 8., The indicated color patterns evident when
viewed under UV light are characteristic of various
flavanoid classes (Swein, 1976). The spectral‘scans_of zones
3, 4 and S eluted from;the paper chromatogram (Figure 7) are
characteristic of ttavonés -and flavonols (Jurd, 19631
Mgrkham and Mabry, 1975). The spectral scan of z&he 4 shown
in Figure 9A and the shift in absorption maximum on reaction
with sodluﬁ e thoxide (Fléure 9B) was also characteristic of
zones 3 and'.S..The spectral scans of the other Zones were
ditferent. The 340 nm peai of zone 6 was a'mlnor shoulder,
however ,& shift to 380 nm occﬁrred on treatment with sodium
¢ v ;thoxlde. The seample ln zone 2 was not sufficient and zone 1
rlr (origin) displayed one peak in <the 2%0 to 280;m range.
ggj ﬂ..~meparlson‘of:the two dimensional paper chrom;togram (Flgure
akf.%' 8) with the sepafqtlon 4patterns obtalned by Mabry gi ll-
e

f«.g19709- suggested that flavonol and tlavone glycosides were

J}?éreéent.( Since flavonolids ’eXist mainly ae glycosides in

~

neture (Swain,. 1976) these resubts teqtatively suggest the

";"plémenté Fbmalning on- the column‘ are flavonoids and not

- LT %




Ce Gramine

An outline of the total Ieaf‘llplds'separuted by 2D TLC
is shown in Figﬂre 10. The area identified as gramine has
not been, to ¥he author's knowledge, 1de;11f1ed in leat
lipid studies. Charring wl*h 50%7 sulfuric acid readily
outlined a1l areas as shown in Figure 10 except gramine,
which developed. a rose 0016r upon stnﬂding overnlight. The
gramine area was readily outlih;d with iodlne'vupors and was
visible as a dull‘ reddish color on plgtes sprayed with
Rhodamine 6G and viewed under UV. Gas liguid chromatography
(GLC) \analysls revealed the absence of fatty aclds 1& the
Cl6 +to Clgkrange. The area was no* detected using identical
gxtraction wﬁroce;ures with spi%?cﬂ leaves and wi}p rye

seedlings (Thomson and Zalik, 1973), suggesting the unknown

was ‘;ecific to barley. The unkncwn cochroma%ogfaphed with

-
#

authentic gramine (K and K Laboratories) and also

the
gramine "fraction prepared from barley leaves according to

the procedure of thnélder et alte (1972). Th amine area

ralso .gave a posltive reaction with Van Urk reagent spray for
indoles (Kalﬂkxgj, 1969). The infrared spectrum of both
. % .

auttrertic gremine and the unknown were very similar as shown
Y

vin %1gure 11. Thus the- evidencé suggest the unknown is

gremine or a closely related ‘indole compound.

Recovery of authentic “gramlne from the Sephadex G-28&
R .
column was estimated at 95% suggesting that the leatf gramine

contént could be quantified from .the C:M extract. As shown
» = -

in Teble. IV, the gramine contént of the ﬁgtant was

o
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Table IV. Gramine content of the aplcal 3cm, leaf segments
of 4 and 7 day old mutant and normal barley
seedlings. - -

—— o ———— — ——— ——— —— ———— — - ———— - . —

ug/g fresh wte

dayve Mutspt Normal
41 756134 1083117
72 1000 , 1566

lmeantSE of 4 determinations.
2single determinationse. ) A ’

-

approximately two thirds that of the normal and increased in
¥
P {
both seedling types as the leaves ma turede.

e?

De Lipid Ideﬁtltlcation

[

The areas outlined in Figure 10 are representative of

»

ot mutant and normal seedlings at the grdwth stages
an&lyzed. PI, PC, PE and PG gave the churacterlstic{blue
dolor . speclfic- for Phospholiplds when éprayed ﬁlth
molybdeﬁﬁm slue“ reagent (Dittmer and Lester, 1964). PE
developed the_red—vloyét colonkcha?acterlstic of free amino

.

groups when spra;%d with ninhydrin reagent (Skipski and

Barcley, 1969) and Pcngave~tpe‘orange color characteristic

of cholipne when épr#yé%\yith pragenlobf!'s reagent ( Skipski

Y 2 ~

and Bayclay, 1969),"PI cochrbmatogfaphed with authentic PI-

L

(plant source, Applied Science). Fatty 'acid anhlysis of PG

from greén leaf material revealed the preaoﬁce of
L ’ ‘ \ . ’
trans—-3-hexadecanolc ‘acidy, unique to PG. Early color

»

development during charring with 50% H;SO4 gave & purple

\_
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Figure 7.

Figure 8.

Figure 9.

-

Outline of flavondid-like compounds present .in the chloro-
form:methanol (2:1, v/v) 1lipid extract from\6 day mutant
barley leaves separated by single dimensional paper
chromatography. The pigmented complexes remained yin the
Sephgdex G-25 column following elution of the 1lipid fraction
with chloroform. They were completely removed with ‘water.
The aqueous eluent was concentrated by freeze drying and
separated by paper chromatography using a butanol:acetic
acid:water (4:1:5, v/v upper phase) solvent system. The

- zones were visualized under uv. F-fluorescent.

l

[

Outline of flavonoid-like compounds present in thé)chloro—
form:methanol (2:1, v/v) lipid extract from 6 day mutant
barley leaves separated by two dimensional paper chromato-
graphy. Isolation procedure is given in Figure 7. Solvent
system contained tertiary butamol:acetic acid:water (3:1:1,
v/v) in the first dimension and acetic acid:water (15:85,
v/v) in the second dimension. The zones were visualized
under uv. f-faint; E—flJorescent; B-blue; Y-yellow.

Spectral scans of flavonoid-like compounds present in whe

chloroform:methanol (2:1, v/v) lipid extract from 6 day

mutant barley leaves. Scanned between 200 and 500 nm.

A. Absorption spectrum of zone 4 (Figure 7) in ethanol.

B. Absorption spectrum of zone 4 (Figure 7) in ethangl made
alkaline with sodium hydroxide pellets.
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Figure 10.

Outline of a representative two-dimensional thin layer
chromatogram of the polar lipids isolated from leaf segment s
of 4, 6 and 8 day mutant and normal barley seedlings. The
silica gel HR thin layer plate was developed in the first
dimension with chloroform:methanol:water (65:25:4, v/v) and
in the second dimension with chloroform:methanol:isopropyl—.
amine:ammonium hydroxide (65:35:0.5:5, v/v). The zones
were Identified as outlined. PI - phosphatidyl inositol;

PC - phosphatidyl choline; PG -~ phosphatidyl glycerol;

PE - phosphatidyl ethanolamine; SL - dulfolipid; DG -
digalactosyl diglyceride; MG - monogalactosyl diglyceride.
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Figure 11.

K
A

‘)[/

1
«

. Infra-red spectra of authentic gfaminé (A) and gramine‘

isolated from 8 day mutant (B) and 8 day normal (C) barley
leaves; Gramine was isolated from both mutant and, normal
barley leaves using the method of Schneider et al 1972)
Authentic gramine as well as plant isolates were sgbjected
to the 2D TLC system @s outlined in Figure 10 for the lipid

separations, except 1sopropylamine was not included in the -

second solvent system. The gramine areas were visualizaf
by exposure to iodine vapors and eluted from the silica gel
with chloroform:methanol (2:1, v/v) and concentrated to
dryness. The sample was resolubilized in carbon tetra-
chloride and the spectrum determined with a Perkin Elmer
421 grating spectrophotometer.

JJ‘..
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‘ AE

color chéracteristlg of“_élycollpids*hnd stéro1s‘Qf_ﬁG,LDG

and SL. fhe two vépots on théﬁdiagonal bétbw NG were also
. : e : k ‘ “‘

Inltialiy pﬁrple aend afe 11ke1y cerebrosides (Allen &Bd

Good, 1971). The fatty acid composltion of MG, DG and“SL was

characteristic df ~these 11E125- from green tissue*(Héinz.

' ’ LR
1977' Leech et ale., 1973; Mudd.and Garcia, 1975; Sellden and

Selstam. ,1976) and ' the 2D TLC 'aeparation patterns were
ny X )
) ’ . ' e
similer to those reported for splnach by Allen and Goqd
L. B . d A )
(1971) except for the presence of gramine.

v

Ee Lipid Quanti fication = '

Quantification of the acyl Iipld consti tuents by

analysis of eithgr the polar head groups or fatty acid:

»

moieties using €:17 eas the internal standard gave beédits

. that weré in' close agreement as shown in Table V. These

- A
' . %
(0

results suggest mlnlnél comigration " of phasphdllﬁid and
galactolipi¢ classes and show good‘a;reeﬁent for the two
nethods. Recovery of lipids from the TLC plat;s estimatedvby
phosphorus analysis ranged from 77 to 86% with an average of

‘hu:
R3% for 4 determinationse.

Fe Changes in Llpld‘Constltuonts | T
lThe prote}n -gontent of the residue lnsolubie in lipid
solvents and the totaln lipid content of ‘iéat ségnentg
harvested at 4, 6, and 8 days ie shown in Figure 12. The

seedlings of  the normal and mutant were similar in leaft

dimensions and fresh weight per leaf. The normal contained



/.;f . S

“ . Table Ve Estlmatlon of 1nd1v1dua1 lipid constituents by
= either phosphorus or galactosd anabysia and with
the C: 17 1nternah standard. fee

4 : ‘nmoles /g.fresh wt i
“ el ‘B¢ PE PG « MG . DG’ §L

& ‘ )

Head Group?  20B.1 1209 ° 57146 244.2 1366 1082 304.8
Acyl. Group®  182.9 1181 '539.0Q 238.2 1807 1081 .330.0

'lninni 3 nnx‘ - ' . '
-'Head Group?  228.7 1202 559.0° 265.9 2059 1141 —-
Acyl Group? .= 165.0 1052 500.2 200.3 1913 1244 361.6

4

Normal & Day! ” - x  | "

Head Group? 233.8 1390 461.4 529.1 3418 3111 -

Acyl Group3d 2{%.0: 1482 473.0 466.8- 3848 2530 697.5—_
. . . 7

/ ™,
Normel 8 Day!? R T i
Head Group? 272.2 1394 488.8 444.4 j3874 2993*a - ‘
Acyl Group?3 248.5 1225 509.1 497.1 3750 2761 @Sfﬁog
“"“‘“"“""""""“""’“”""""“"“"““‘f““ f
laliquots are from the same total 11p1d extract of /
aplcal 3com leaf segments. . //.
Zgalactose and phosphorus estimeates are averages ot 2

for the normal,

determinations fgr the mutant ‘and single dbtermlnatlons (
3single determinationse. - ‘ e

£y

éénsfé;ently mére lipid and protein over the growth stagps.
Increases were evident in the mutant throughout the growl;é
period, however for the normal the increases v;re most
merked between 4 and 6 days. A slight decrease'éccurred by 8
dayse This decline was perhaps the result of the’sllght,
‘brownine of the leaf tips in the normal by48 days. The lipid

content of the mutant averaged 67% of the normal,

v
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[ ]
Chlorophyll accupulation showed a Shaﬁp increase in fhe
' 9

normal between 4 and 6 days with a leveling off by 8 dayse.

B v

The increase in the mutant was most pronounced between 6 and

\.

- .
8 days (Figgre 13). Thg chlorophyll content of the mutant

. increased from 7 to 50% reiative to the normal.

-~

.

Marked increases in the major chloroplast ac&l 11p1dé,'
MG gnd DG (Figure 14 A, B)‘also occprred ;; the grovth
stages where chlorophyll accumulation was ;ost éronounced.
These date represent a dlffereﬁt\;xperlment than those in
‘Teble v and show A lang;; kinérease in the ma jor
galactotipids, howe ver élgllar trends were evident in the
two eiperlmeﬁtsf The MG:DG rafio was 1.6, 1.8 and 1,6 at 4,
6 and 8 days for the normal and 1.2, 16 and 1.9
regspectively for the qutant. The mipor chloroplgst lipids PG
and SL showed , a slight 1nérease or little change with
increesing age. The major 1lipids of the non—chloroplas?

. : . v

membrenes, PC and PE, (Mazliak, 1977; Mudd and Garcia, 1975)"
Qecreased throughout the development perlod. The decre#se
was most. evident for the PC content'(Plgure 14 A, B). The
mitant cqntalns proportionally more oi the ma jor acyl 1ip1ds
"of the non-chloroplast membraneé,JwPE and PC at 4 days
(Figure 15). However 1In both Ipfunt types +the ma jor
/galactol;pids MG and DG acc&unted for approxlmately 45 and
25% respectlvely of the total acyl liplds by 8 days (Figure
15).

The adjacent leaf segments betwgen 3 and 6 cm from *Qe

apical +tip were lower in galactollpl@y content than the



corresponding more mature apical éeg?ents (Figuré 164, ﬁ);
Larg; increases occurred as the segmeﬁts ma tured. The ma jor
non—chloroplhst meﬁbrﬁna 11p1dsr éC ahd PE, contents weren
however similar on a freash welgh£ basis to those o¥ the
apical 3 (cyl leaf segments fér both the normal and mﬁtant'
(Figure 16 A, B). - N .
Ge Variations in Fatty Acid Co-poaltloh of Acyl Lipids

The fatty acid composition of the acyl lipids, except‘
for PG.was qualitatively similar, however, the prOportloqs of
thea repfesentative fatty acids present were unigue to the
individual 1lipid classes (Figures 17-23). MG 1in ﬁoth plant
types was highly unsaturated with linolenic acid (18:3)
contributing approximately 90% of the fatty acid content
(Figure 17)e DG was aleo hlghly unsaturated, with 18:3
re;;esenting cloée to 80% (Figure 18). A distlnguishing
feature. betweén the two galactolipids was the higher
percentage of palmitic acid (16:0) in the DG representing
close to 18% whereas in MG 16:0 was present in only trace
amounts. Palmitic and linolenic were the major acyl moieties
of sulfolipid representing 35 and 60% r;spectlvely (Figure
19)s Trens-3-hexadecanolic acid (16:1—3t) was unique to PG,
initially representing approximately S% in both plant types
at 4 days and increasing to 25-30% by 8 days (Figure 20). A
corresponding decrease from ;pp;oxlmately 40 to 20%Aoccurred

in palmitic acid. Linolenic acid wasg also a ma jor

constituent of PG representing 35 to 40%. The ma jor



Figure 12. Protein and lipid content of tthe apical 3 cm leaf segments.
ofgrlgu6 and 8 day mutant and normal barley seedlings. After
EYCO orm:methanol (2:1, v/v) extraction protein in the

: “,te was estimated using a micro Kjeldahl digest.- Total

F} - 5

Figure 13. Chlorophyll content of the apical 3 cm leaf segments “of 4,
6 and 8 day mutant and normal barley seedlings. An aliquot
+ of the chloroform:methanol extract (2:1, v/v) was concen-
trated to dryness, resolubilized in 80% acetone and chloro—
phyll was estimated according to Armon (1949).
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Figure 14.

Figure 15.

Figure 16.

Acyl 1lipid content of the apical 3 cm leaf segments of 4,

6 and 8 day mutant® (A) and normal (B) barley seedlings. The
lipids were separated by 2D TLC as outlined in Figure 10 and
quantified using the C:17 internal standard as described in
materials and methods. Data represent single determinatioms.

Acyl 1lipid content expressed as a proportion of total acyl
lipid cdntent_for the apical 3 cm leaf segments of 4, 6 and
8 day old mutant and normal barley seedlings. Data calcu-
lated from Figure 14. '

Acyl 1ipid content of the second 3 cm leaf segments of 6 and
8 day old mutant (A) and normal (B) barley seedlings. Quanti-
fication was as outlined in Figure 14. ..

.
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Figures 17-23.  Changes in the fatty acid composition of acyl lipids

from apical 3 cm leaf segments of 4, 6 and 8 day old mutant
and normal barley seedlings. The acyl lipids were isolated
and fatty acids quantified as outlined in Figure 10.

21 (normal b and mutant b) are from the second 3 cm 1
segment.

Figure
eaf
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non-chloroplast 1*p1ds were more saturated, linoleic acid
(1R8:2) represen ted ,40 to 50% in both PC and PE ( Figure 22
and 23) except for PC of the normal at 8 day in which case
1833 became the major constituent at J38% (Flgqre 22 )
linolenic acid otherwise comprised 25 to 35% and palmitic
acid 20 to 25% of the fatty acids for both these lipid
clesses. ‘,

For all the lipid classes only minér quantitative fatty
acid dlffecencés' were evident between the normal and the
matant and‘ minor quantitative Qariations occurred as the
seedlings ma tured, except as- indicated for
trans—S—hexadecunoLc acid in PG. The trans—-3-hexadecanolc
acid content of PG from»6 day‘mutant seedlings sampled from
the second 3 cm leatf seghenf was present at approximdtely
half (6%) the level present in the normal (12%) (Figure 21).
The level in both plant types was approximately the same by
8 days, .however the quantity was less than the level

obtasined in the more mature leaf segments.
\

. He Carotenoids

An outline of the leaf pigments separated on sucrose
thin layer plates lsbshown in Figure 24. Although there wa s
variation in the intensity and size of éome plgment zanes
they were present in all growth stages of the mutant aqd the
normale. K and A-carotene ér 'thelr‘dlhydroxy defiv&flves
lutein and ieaxanthln are not resolved on sucrose plates

with the solvent systems used (Jeffrey gl'gl., 1974). These



;ere taken as pf-carotene or lyteln for the work described.
Pigments were identified by their similar migration patterns
to those outlined ’by Jeffrey et al. (1974) witt isolates
tngm cern chloroplasts: Also the visible absorption spectra
(j}gures '25-29) and the position of the absorption peaks
. .

we re characteristic of the identified carotgnoids (Davies,
1976 ). Recoveries fromi the TLC plates estimated on a.
chlorophyll basis using the revised extinction goeff}clents
of Jeffery et al. (1974) were greater than 92% except for 4
and .5 day mutant which averaged 75%. The low Igyels of the
latter are perhaps due to the very low levels of chlorophyll
in the mutant.

p~Carotene was the dominant carétenoid in the normatl,
lncréesing from approximately 50 to 80 ug/g fresh weilght
between days 4 to 6 (Figure 30). This represents 40 and 50%
respectively, of the totallcarotenolds (Table VI)e At days 4
and S lutein and violaxanthin were the ngor gzrotenolds of
the ﬁutant comprlsiné approximately 30%, however by 6 days
p—carotene became dominant increasing to 25 ug/ g fresh
welight by 8 days and representing 45% 'ogw/the total
carotenoid composition (Figure 30, Table VI)., Lutein tgs the
ma jor xanthoéhyll in the normal throughout the development
period, comprising 22 to 28% of the carotenoid ?Pntqnto This
was followed byv neoxanthin representing - 16 to 21% and
violaxanthin declining from 16% at S days to 8% at 8 days

(Figure 30, Table VI)e Similar levels of neoxanthin,

violaxanthin and lutein accumulated in the mutant at 6 and 8
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Figure 24.

Outline of a representative two-dimensional thin-layer
chromatogram of leaf pigments isolated from the apical 3
cm leaf segments of 4 to 8 day old mutant and normal
barley seedlings. The leaf pigments were extracted and
prepared for TLC as described in methods. The powdered
sucrose plate was developed in the first dimension with

2% n-propanol in ligroine and in the second dimension with
40% chloroform in ligroine. ~

Figures 25-29. Absorption séectra of chlorophylls and carotenoids

isolated from the apical 3.¢m leaf segments of 7 day mutant
barley seedlings and separated by 2D TLC on powdered sucrose
plates. The pigments were eluted from the sucrose and

scans taken in the respective solvents: chlorophyll a and
b, acetone; B-carotene, hexanes; lutein, violaxanthin and
neoxanthin, ethanol. These spectra were the same for the

normal and mutant.
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Figure 30.

Chlorophyll and carotenoid content of the apical 3 cm leaf
segments of normal (A) and mutant (B) barley seedlings
sampled at daily intervals from 4 to 8 days. The pigments
were separated by 2D TLC on powdered sucrose plates, eluted
with the solvent systems as outlined in Figures 25-29 and

quantified by their extinction coefficients (Jeffrey et al,
1974). :
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o3

Pigment retios estimatéd from sucrose 2D TLC
plates of pigment extracts from the aplical 3cm

leaf segments of normal and mutant barley seed-
lings harvested at daily intervals <from :

o, 4 to 8 daysl,
Mutant '
- /Days 4 S 6 7 8
chl a/b 5.16 3.35 2.84 2.76 2.73
Y- carotenoid/chl 0.25 0.20 0.10 0.09 0.08
B-carotene 25 26 36 41 ' 45
% lutein 32 30 19 21 16
violaxanthin 30, 33 23 18 15
neoxanthin 13 10 21 19 23 ‘
¥
Normal
chl a/b 2.98 2. 86 3.24 3.11 Je.15
carotenoid/chl 0.12 0.12 0.10 0.08 0.10
B-carotene 40 42 48 52 %0
% lutein 28 26 23 22 25
violaxanthin 14 16 8 7 8
. neoxanthin 17 16 21 19 16
!Deta calculated from Figure_ 30.
days with each representing to of the total
carotenoid contgnt (Flgﬁre 30, Table VI). The lutein and

neoxanthin content of +the mutant was about 1/4 and 1/2

respéctively to the levels reached in the normal. Hovevgf,

the ratio of carotenoids to total chlorophyll which was
initially higher in the mutant at 25% was similar for both
plant types by 6  days representing 10% of the total

chlorOphyll (Table VI). The chlorophyll a/b ratio also

declined in the mutant during the 4 to 6 day interval

approaching the value of 3. which is comﬁab@ble to that of the
nortmal ( Table VI ).

.



o

Y. DISCUSSION
Sinc; the chloroplasts are very active in cellular lipid
biosynthesis and represenfba rieh source of cellular 1Lplq
which hasv an unigue ac@l ilpld composition, a stﬁdy‘ot-tﬁe
1fpid composition during the development of the mufant was
undertaken to further characterize 1t. The separation
patterns of the polar lipids (Figure 10) and leaf pigment;
(Figure 24) reveal;d’all the acyl iipids and pigménts of the
mitant were qualitatively identicel to the normal. Large
quantitative differences howevér were evident (Flgures 14
and 30). The contents of the major chloroplast acyl lipids

+

and the chloroplast pigments were very low at 4 daws in

- comparison with the normal at the same age. Previous studies

4

on the - mutant grown pnder near ldqntlcal'chditlonémhave
shown considerable differences in the young seedlings at 4
days in plastid size, plestid internal lLamellar structure
and lamellar protein composition ( Jhamb and Zallk{ i973) anq
the photoreduc tive actlv;tles‘(ﬂorak and Zalikx, 1875) when
comparisons were made to the norﬁal barley of the same Age.
These differences were showﬁ to be self-correcting ;ltﬁ the
plastid ul tras truc ture, lamellar protqln content and
photoreductive activities approaching those of the normal by

-

8 dayss The nutant however still remained chlorophyll

[’

deficie?t at 8 dayse Although one may speculate as to the

‘cause of the lower chloroplast acyl 1lipid and pigment

content, in the mutant, the results perhaps best reflect a

close coordination of the synthesis of'm;cromoleculea‘durlng

104
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plastid developmente. The absence or limiting amount of one
component ‘due to the nuclear mutation would ltikely affect
the synthesis of several constituents. The results will be
fugfher dlécussed prlmarily\from the devolopmental‘pofnt of
viewe

The epical 3 cm leaf segmenfs were selected for all the
composition studies except wﬁere indicated (Figures 16 and
21). This was an ;ﬁtemét to0 select a more uniform plastid
population for developmental studies. The leaf meristems of
monocofyledoﬁs occur at the leaf base resulting in a linear
arreay oi cells wilith the. most mature at the apical tip.
Ultrastructural studies have shoyn a gsimilar Array in
plestid maturity (Leech et §1y2¢1973; Robertson and Laetsch,
1974). The shoots were extended 3 cm by 4 days and the
apical 3 cm segments were also sélected for the 6 and 8 day
analysis. Thé pregence of less developéd plagtids 1in the
Qouhéer lteaf s;gments at 6 and 8 days is reflected 4n thelir
acyl Igpid and fatty acid composition (Figures 16 and 21).

Since most of‘ the céllular .constltuenfs " show
considerable wvariation durlng the developmental study a
suitable basis for comparison was soughte An increase was
evident in the total lipid coﬁténg ahd pr&tein contént of
the residue 1nsolu$1é‘1n chlorofopn:nethanol in both plant
types (Flgure 12). Both parameters:  likely reflect theigtafe
ot chlorﬁplast development sincé the choroplasfs have.beén

sﬁogh . t0o contain approximeately 2/3 of the total leatft lipld

in spinech leaves (Zill .and Harmon, 1962) and approximately
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75% of Oenothera leaf protéin was contrlbﬁtgd b& ‘the
chloroplast :frnction (Zu;ker and Stinson, 1962). Also the
me jor chloroplnst'enzyme. ribulose blsphosphate carboxylase
is estimated to ‘contribute up to 50% of the total leaft
. ® \

soluble protein (Ellls, 1976)« The fhcreased protein content
in +this study 1§'11391y largely due to the lncr;dsgd RUBP
carboxy lase protein content which was sﬁown to increase
approximately 50% in the 'ﬁormal and 5 fold in the mutant
be tween 4 and 8 days whén the seedlings were grown under
near identical coﬁdltlons ( Barankiewicz et aley 1979). Since
the seedlings of the mutant and normal were of similar
dimensions and fresh welght per leaf the comparison data
we re presented on a fresh weighf ‘bas1s. The results
presented in Figures 12  and 13 are from the same sample
rreparation as thoseé in Figures 14 and 16 so cosiparisons on
protelin cohtbnf,,total lipid cgntént and plgment content can
also be usgd.

The liplid .constituents quantified (Figureé 13 and 14,
Table IV) represent 46, '53 and 65% of the totai tipid
'ibcontent éf the mutant and 60,'61 and 68% of the total lipid
content of the normal at 4, § and 8 days respectively
(Figure 12). The eacyl lipids (Figure 14) represent 37, 41
and 48% of the-fotnl lipid content.of the mutant and 50, 43
and 47$jdf tﬁe total lipid content 6f the normal at 4, 6 and
8 deys respectlve}y. The 1lipid constituénts‘n;tvahalyzed

were the neutral lipid fraction which -lgrated Qlth the

solvent front and the two spots on the diagonal below NG

[
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_(Figure 10). The most pronounced changes in the acyl lipid.
fraction between 4 th 8 days were the two major chloroplast
lipids, monogalactosyl diglyceride (MG) and digalactosyl

\

diglyceride (DG), increasing on a fresh'yelgﬁt co-pgrlson
besls 4 fold and 2.5 fold respectively in the mutant and 1.8
fold for both MG and DG in the normal (Figure 14). This
corresponded fo-nn iﬁcregse from 7 to %0% of the total\lipid
content for NG and 7 to 11% for DG in the mutant between 4
and 8 days. The’corresponding values for the nermal were for
NG an increase from 16 to 20% and for DG an incyrease from 10
to 13% from 4 to B dayse. Several laboratories have shown-
tha t the lipid ot tﬁ; chloroplast fraction -contalns
« o« ‘
predominately monogalactosyl diglyceride and digalactosyl
diglyceride apd ,relatLvely Lov amounts of phosphollpids
(Kates, 1970; Mudd and Garciae, 19753 Leech and Murphy,
1976 ). The 1nc£eased galactolipid éontent and corresponding
deéllne in ;he ma jor phospholipids, PC anﬁ PE (Figures
14515) likely reflect an increased cﬁloroplust membrane
biosynthesis relafi?e‘ to other cellular membr;nes. Otﬁé;s
have reported similar findings with greening leaves, showing
the increaée in galactolipids and decline ln\the PC and PE
was most pronounced during the period of rapid chloroplast
membrane formation end grana stacking (Bahl ﬂiyﬁl'y 19763
Leech et al.y, 1973; Roughan an& Boardman, 1972: é§iLden and
Selstem, 1976; Tremolieres and Lepage, léii). The,-ark§d

acyl 1lipid changes in this study also correlatqulth the

format]ion of grana and increased photoreductlvegdctlvity of

PR

a

!
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the mutant (Horak and Zélik, 975 ) The normal however,
shcows a sl]gAt decline in phqtoregﬁctive activity between 4
, r
and & days when activities are expressed on a lamellar
rrotein basis (Horak and Zalilk 1975) ad& during this
intervel the major chloroplast lipids still display a manrA
increase (Figure 14). This moay lndiéate that chloroplast
membrane growth is still coccurring in the normal be tween 4
and 6 dayse. The decline in activities on ; lameL1ar protein
basis may reflect the increased 1amell;rvbroteih content due
to an increase 1in the LHC &/b grotein complex‘whiéh is
hypofhesized to add in discrete units to the photosystem
reaction centers ( Arntzen, 1978&). It is of interest that
stroma lipids presumaﬁiy containing acyl lipids have also
been found to contribute to u‘significanf propor;ioh of the

¥

plastid lipid complement and are sugge s ted tq be lipoprotein
complexes in transit 'between the dlffe;ent c;ioropias*
membrane systems (Leech and Murphy, 1976; Poincelot, 1973),
The increase in the MG/DG ratio during tﬁe greening
proéess has been reported by others and has been interpreted
to reflect the increase in +the relat1§e contributions of the
chloroplas& lamellae and the chloroplast envelope to the
galactolipid composil tion ( Mudd gnd Garcia, 1975)%
Chloroplast envelope preparations from spinach and corn have
& MG/DG ratio of 0.7 to 1 whereas the MG/DG ratio of the.
Alamel}ae was 2;0 to 2.4 (Douce gt gl.,1973; Mackender and

Leech, iSVQj Poincelot, 1973). Analysis of stroma and

lamellar preﬁarations (Allen ¢t gl., 1972; Vintermans, 1971)

a

Y .
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and comparisons betweén mesophyll and bundle sheath
chleroplasts (Bishop et ale., 1971) indicated +the NG/DG
fatios of the stroma end grana lamellae do not differ
indiceting the two éalactollplds are distributed

homogeneously in the chloroplast membrane.
N

The very low increase in the other characteristic
éhloroplast acyl lipids, PG and SL during greening £as also
ﬁéen s8hown by others analyzing greening etiolated'leﬁ;;s
(Behl et al., 1976; Roughan and anndman, 1972; Treméliers
and Lepage, 1971) end with whole ‘flssue %nqlisls-'df

developing leaf segments (Leech et ni..‘i973){'Aﬁy increases

1 )

in the PG and SL content are likely maeked.ﬁy'téévmaesivq
cheanges in the other cellglar consti tuents during
chloroplast developmen1;9 . since PG and SL contribute
respectively approximately 6 and 5% of the total chloroplast
membrane lipids (Leech and Marphy, 1976; Table 1).
Increases, however were evident in studies performed on
isolated plastids (Leese and Leech, 1976; Sellden and
‘Selatam, 1976). | “

o .

Although the individual acyl 1lipids all contain the '

same gqualiltative fatty aeacid composgiltion, exéept fbfhPG'
(Figures 203;21) which contained in addition 16:1—3t; fg;
amounts of the individual fatty acids were uﬁlque to the
lipid clasges (Flgutes 17-23). Thise has been shown to be
'chgraéterist;clfﬁf lipids in green tissue ( Mudd and Gercia,
19553 . Harwood ;nd“sfkof{”igﬁéz“kgteé,~19703.'The findings

~in . this ‘atudy._aée also * In cloge agreement with those
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obtalned for wheat and barley (Bahl et QL., 1976; Sellden
end Selstram, 1976) and show a higher level of unsaturaflon

in PG and SL than found in meize, bean and pea (Leech et

-

e
ale, 19733 Roughan ‘and Boardman, 19723 Tremolieree and

Leﬁage, 1971). Very little chanée in fatty acid composition
except for PG occurred ;ver the developmental period
sampled. This has been reported in greening‘studieg of
etiolated leaves. However, Leech et gl. (1973) on sampling
serial sections of developing maize ‘leaves grown under
naturel light, under which they do not form etioplasts,
foun; a marked increase in unsaturation as the plastids
developed from the proplastid to matu}e plastide.
"Trans—-3-hexadecenolc =acid (16:1-3t) iIncreased markedly
in both plant +types between 4 an 8 days (Figures 20; 21).
The fatty acid wes speclfically associated with PGe. This is
in &agreement :wifh other reports (Harwood‘and Janes, 1955;
leech and Murphy, 1976). The exact role of this unique fatty
acid is not Kknowne it is fou?d épeclflcnlly iq

photosynthe tic tissue but “doea ‘not  appear.essential for.

phetosynthetic. activity and grana stacking (For hoté

.éggblétéi&lécbésidh ééq p;gesiQ;;QB).

”The s tudy of th; cardtenolﬁ cbﬁpéslt{yn durlhg the
devétépmqntai 'period ;Qas‘lﬁlso“éfvintgpést_;n fhe fufther
characteélzation ‘of the virescens mutant. The same ma jor
carotenoids, f—carotene, ‘luiéln, violaxanthin, and
neo%anfhin have been found to be ublqultous‘to all green

tissue;.otv hlgher plants gnd, are suggested to be 1ocateq”
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exclusively in the chloroplast (Goodwin, 1976). ©

The virescens mutan-t was prevlousiy shown to be
deficient in total carotenoid- content, with the mutant
attalnlng- approximetely half the content present 1in the
normal by 7 days in glaéé house grown seedlings (Maclachlan,
1962).\The present study represents an earlier sampling time
as well as the q;antlflcatlon of the individual carotenoid
constituents. The deficiency of the mutant was again
evident, the total carqtenold content.lhcreased from 14% to
50% relative to the normal on a fresh welght comparison
during th€é period of enalysis. It is of interest to note the
close correlation of thé ﬁ—carotene'cohceﬁfratidn and that
of chlorophyll .at+b (correlation coeffic;ent 9f_0.99) in the
mutant sampled at daily Intervals from 4 to 8 days. A close

correlation was also evident in the normal between 4 and 6

days (r=+0.96). A-Carotene has been shown +t0 be a
\ -

constituent of both photosystem reaction centers.and the LHC,

a/b complex (Thornber, 1875). K'closevéorrélaffoﬁt'ould thus

-be expected during the fédrmation of the chloroplast internal -

membrane network. EKeck et al. (1970) also describe a close

correlation of the fS-~carotene and chlorophyll concentrations

. in 3' soybeean geno types of dlffering chlorophyll

concentrationse. The 1nit1a1 low fg-carotene content relative

to the total carotenoid concentration. §f114.99yé:in'fhe

mitant, which incresses from 25 to 45% by 8 days (Table: VI)

likely reflec ts the”incre&sed concentration of carotenoids

'in the chloroplast lamella relative to chloroplast envelope.
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The chloroplast envelope has been shown to be enriched in
xanthdﬁhylls‘ relative to f-carotene (Bishop, 1974; Douce et
ale.y, .1973; Jeffrey et alesy 1974). The increased xanthophy}l
content in the mutant between 5 and 8 days (Figure 30)

probably reflécfs thé formation of the LHC a/b complex since
the complex has been shown to conteln all the carotenoids

with pg-cerotene and 1lutein belng the &aJor carotenoids
present (Thornbef, 1975). Tbls corresponds to the decrease
in the chlorophyll a/p ratio (Table VI) which is suggeste&
to be a marker for the formation of the LHC a/b complex
(Arntzen, 1978). However . little 1s known about the>
organization of carotéhoids '1nvh1gher plahts. Some recent

theories on the orgnnizgflon of carotenoids within the

chloroblast membrane have been . proposed. Andersén et al.

(1978) iqdicute the excltétion spectra ;hlch contribute to
‘fhe};éhioéép%illf a fiﬁarescgﬁée' emission demonstrate that

carotenoids occur in alﬁithe recently isolated chlorophyll--
profeln | eomblexesﬁ  an& ’ fuf%her anticipate iall the

'ph919§Yn#hgt1c-:plgméhfé of h&;§é£>plaﬁts are complexed‘to.
ﬁrofein; ﬁoﬁmér Agi gi.';(1979) hypothesized that sincg'
chlorbpiasfs do not con tain signlfi;ant amounts of sterols,
carotenoids may serve to stabilize the meémbrane bilayer
gimilar to the role- pro;osed for polyterpenoids in
prokaryotese. The incomple te extraction of fS-cerotene with
80% ﬁégtodé;’#ut!?{téA ééﬁbLete remgvdl with chloroform:-
me thanol (éee Metﬂods) perﬁaés indicates at least a fraction

of ttre p-carotene’ is in close association with protein ip
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Yivo.

In summary acyl lipid and pigmqnt composi tional studies
corroborea te the previous findiﬁgs that the virescens mutant
displays a‘ general lag in chloroplast de§elopment.'The lag
in Iame{iar protein formation and.lnternal structure (Jhamb
and Zalik, 1973), photo;eductive: activities (Horak and
Zalik, 1975) and acyl lipid and pigméﬁt content suggest a
close coordination of the synthesis of th; chloroplaef
‘macromolécules.

Developmentai studies on the virescens mutant are of
interest because the lag 1n.ch10rop1ast development provides
- an alterna;lve system to the commonly studied greening of
etiolated tissue and ‘static’' mutations which are restricted
in their degree of qevelopment. The very marked increase in
MG and DG during the formation of the chloroplast internal
struc ture, which ,showed' a close correlation with  the
increase in chlorophyll content would suggest these lipids
are the ma jor memhfane”matrlx 11p1+s. The dinor increases in

< 4
the other characteristic chloroplast lipids perhaps reflect
; more. epeéialized role, perhaps as boundary lipids. These
roles . have been proposed from studies in which membrane
preparations were subjected to to selective lipase digests
and th% reeultlné, ultrastru;tural and erzyme . activity
changes monitored (gee pages 22-24). The increased MG/DG
ratio and increased g-carotene content relative to thg total

carotenoid content during the build-up of the chloroplast

5

internal membrane network corroborates the.flndlngs based‘od
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fractionation studies which show differing ratios of these |

constitutents between the chloroplast envelope and internal

»

lamelleae.

Even though the chloroplast digplays an unique acyl

‘1lipid content, a specific role of these constituents has not

been described (Harwood ﬁnd Stumpf, 1976). Since the
chloro;kaet lipids are ubiquitous to higher plants Haryood
and Stumpf (1976) sugges ted the ubsence.of ﬁne or more of
the 1lipids would probably be lethal. Developmental studies
-_ .
have not shown specific roles for individual acyly lipids
since the full complement of acyl lipids is present in the
undeveloped plastide Reconstitution studies may serve as an
alternative system to elucidate'speclflc roles. for ;hem, but
the 1;m1tatlons qf this qppﬁgach haig been recen*ly outlined
by Seandermann (1978). .Studles iﬁiwﬁléﬁ fﬁé memb rane 11p1g_v
composi tion has been altered ip vivo are also of intereste
Vering et al. (1976) erorted that the phospholipid

composi tion of etiolated tomato seedlings could be modified

in vivo by treatment with ethanolamine and Tween-oleate.
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'”butfé:sm HABA‘was recrystalized 2rom aqueoue -ethanol.,y‘,

"ACETYL CoA CARBOXYLASE ACTIVITY IN BARLEY SEEDL INGS

i

MAIEBIALﬁ AED MEIHQD§

“‘Ae Chéﬁlcglé ‘.i L

',S—acety1¢‘-9oenzyme Aaw(Lithium éalf);_ alumina C7;

//\\3574{;;)1um grade I; avidin type III} 10 unlts/ngbprote‘_:ln;i7

d-biotin; bovine se rum albumin (BSA), fraction V3

“‘DL—dlthlothreitol (DTT), 2(Jrﬁ&déoifdiobénzéné)Jﬁgﬁioi; ;Ei&“

Af(HABA),, and protque_ type uvI were a!galned_ fgomzs}gmq'

»»»»» R

Chemical Company, St. Lopls, Missourl, U-S.A- hAnmoniuﬁ 
sulfate (special enzyme grade ) was obtained _.f;om"
Schwarz/Msann, 6rangeburg New Yérk, ‘Ue S.A., hydroxylnpatite
powder,’ Bio—-Gel HTP, from Bio-Rad Laboratories (Canada)
Migsisessuga,- Ontario; and -14C sodium bicarbonate from New
England Nuclear (Canada) Dorval, Quebec. The silica gel
impregnated glass fiber éheéts (Gelman Chromatqgraphy media
ITLC-SG Type 20 x 20 .cm) .ieré obtained ;rom Gelman

Instrument Company, Ann Arbor, Michigan, UeS.A.

L]
.

B. Buffers and Reagents
The pH of all bpuffers was adjusted at 20 C. Buffers
confaining dithiothreitol were prepared 1n bulk without DTT.

The DTT was added fresh 'dally»' O;Nneyi portlons of the

. - e m

e TN Y e 4,
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Cs Plant Material : '
The sourqe of the plaﬁt ma@érial Qag tﬁe éame as that
detailed in gection IQ For'anaiysis of seeds germinated for
1 and 2 deys the embryos were excised from the endOSperms,
whereas ~ whole shoots ?rom 3 asd 4 dey old seedlings were
exclse& af' the point of seedNattachment. To fncilltate,the

isolation of embryos, seeds were dehusked essentially as

_descrlbed by ‘Brock and Kannangara (1976). The seeds were

perlodlc stirring; 'Théy were then wa'shed thohoﬁghly with
- distilled water, during which time they were briskly .stirred

‘to loosen the adhering huskse. The dehusked seeds were grown.

on filter paper in a clear plexiglass germination box. fhe
box was placed in a growth cﬁambér under a 12 cm water
shleld, Jwith the growth chamber kept under continuous light
at 600 ft—c and 20 Ce. The light intensity in the growth box
was about 500 ft—c. Failure to use the water shield enabled
the temperaturé within the germination box to reach 30 C.
Under these conditions the mutant appeared temperature
sensitive by remaining pale yellow. The seedlings did not

recover when the box was opened at 4 days, and vermiculite

" added to cover the. root sys{emé and retuih molsture,”but
bleachéd. further ' becoming almost compldtel& albino by 8
?;days.’;Tgé,?;o%ﬁa1 :;ﬂgj h9f:a}§ectedjpnder these conditions
i;;mulg;ng éi;£: é§€gp J¥f6;:2;a;§s'dﬁﬁurdsr'The 12-cm ‘water

: shleld maintained jhé‘ temperature near 20 C. And the.4 day’

,"" Rl

R

wera, visually ‘comparable _to ‘tho\r4 @ay mutunt

‘soaked in S0% sulfurlc acrd at rppm‘temperdture'for‘2'h“wlth T]
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seedlings grown 1n“vermlcu11te in the same growth chamber.
The seeds which were not dehusked were surface stqfllizedr
with =~ sodium hypochlorite and "grown ' 1in vgrﬁlcullte " as
deécrlbed‘"lh section I. The apical 3cm leaf segments were
‘used for the analysis of 4',5* ‘and 6' day old seedlings and .

ibr.plgstld 1sol&tlonvof 4, 6 and 8 day old'éaedllngs;.

- . - . I e gt
e e . LT A

5
. De ¥hole T;g§§g Ana}fsié

erme&oélidt ,téaf ;;egmpnfs_jvere wushed,w;t£ d1st111eq
vatef and homogenlized in O.1 M.potasslum'phosphate buf fer
(pH 8.35 ‘éoAkaihing 1"mu‘}EDTA-and>1 mM - DTT, using a Ten
Bréeck-tlssuq_grlddef.ffhé*hémoﬁéhate was filtered through 1
layer of nylon cloth. (Nitex)  pore si ze 25 microns and
centrifuged at 1,0663 téﬂ 2 gin. The sﬁpernatdnt iés'made fo
volume in the grlndlﬁé bﬂgfer and aliquotg takén for enzymé
cctlyit& ;§¥imntioqsluﬁ& préteih:determin&tionsw

Ee Plastid Isolation

The isolation procedures used vere'essenflall& those

described: by Leese and Leech (1976). Leaf segments were
washed with distilled water and chilled at 4 C for 15 min.

All subsequent operations were carried out at 4 Cs The leaf
segmente were homogenized in a SO0 ml volume Waring blender

-with two successive 1 second bursts followed by one 3 sec ond
burst;f“TﬁeA‘grlndiqg med}un',vas 67 oM ‘pﬁosphata buffer

(KHzPO./NaanO.J,pHJSQQ‘conta;ning O,S M sucrose, 1 mM MgCl:
B f;ﬁa‘b?fﬁ~ﬁ7§fﬁsh;7por536@é experiments 30 mM Tricine-NaOH pH
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8.0 wae used in place of the phosphate buffer. To obtain
'“&déquﬁte_A'éample 3" to "4 grindings we're required. The
proportions used were abpéoximatéfy'4<ﬁ1 grlndlng'mediuﬁ to

-

1 g'fresh7weighf;1The’ﬁdﬁoéenate’whs gently_s&ueezed through-

2 . layers of Miracloth (Calbiochem) and gravity filtered
. 4 )
through 8 layers of 25 um pore size nylon Floth (Nitex)e The

filtrate was cenfrlfuggq;fqrg2;to’Swm;q~at 310Q9g,.2 min for

v

V'nofﬁ&i, Slpin‘ior 4 day ‘mutant, and 3.5 min for 6 and 8 day
muteant. These schedules were found to give reasonable yields

for - the parflculaf>sdﬁplesa Thée ﬁéllbf“ids’%esuspen&éd in a

small volume of Erinding medium and centrifuged through a 10

l :Iéyer“‘éf'é7 -ﬁ phosph#te buffer, pﬁ 8«0 containing l'mM
Mng; eand 0.6 M sucrose at 440g for 15 min 1n.an IEC model
Bb—2' centrifuge using the 969 swing—-out rotore. The
chloroplast pellet was resuspended in 0.6 M buffered sucrose
for plastid counts or dlsrupting buffer for;the_léolatlon of
: cﬁ_l}fs'ifoplast _:;-ag‘ﬁo,_;s-;- | e S .
Fe. Plastid Counis
‘élastlds ' were counted with a hdemoéytométer vie&e&'

4 .
under a light microscopee. . ‘ y

G Bacterial Counts

- Plastid ﬁsolatég' »wef§ V Qonitored . for “bacterial
.cqntgmlnatl#h »Sy »§Iati;é .serialtdilutions on‘sévgral‘ggmr
tybés..‘These ghecksn;(ere “pgrforﬁéh;by‘Drs_ﬁ.ﬁ.hill}l&ns,-

Plant Industry Laboratory, Alberta Agricul ture. -&
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H. ¢hlorop1qst Fractionation

. The surface of fhe~chlor9p}qst pglletiwas~rtnséd'géhfly

with’ dls}upfihg.buffen and then suspended in the disrupting

buffer,. 0.02 M‘ﬁotasslun phosphate (pH 7.0) containing 1 mM
EDTA and 1> @u DTT, to g}ve a chlorophyll concenf?atiqn ot
0;5 .;é’ 1.5 ;g per ml. The suspeﬁsfon;WAE %fdhéf;;re;‘t; é
Ten Broeck tissue grinder and thé éiastldsAdlsrupted with 10
PGQSQS,VQQA thq_,plunggr. Stroma and lamellae fractions were

separated by centrifuiation for 1 h at 122,000g at 4 C in a

.

Beckman Model E ultra-centrifuge using the number SWSOE

_concentration otv&pproXLmdtely 1.3 mé per mla.

rotore. .Ihe pigment free stroma fraction was cdncentrated to

approximately 1.3 mg hrotelh per ml for enzymé'hctlvlty

studies, using an Amicon B15 miniconcentrator. The unwashed

pellet was‘ taken as the 1améi1ir fraction, it was

resuspended in - the dlsrupilng“’bufﬁen to glve a protein

v

) Partlnl-wPurlfIcatlonrof Acéfyl CoA Carboxylgso;SubunitaV 

from Escherichis coli
E. <coli B cells were cultured from single colonies on

Bacto—-Penassay Broth (Difco) and harvested at 1/2 to 3/4 log

‘phase.' The cellé were supplied qnd'géoid.by Dr.'F;D. Cooky,

"Soll 'Microhiology, University of Albertn. The cells were

1

" hervested by pelleting at 9,000g and washedronce with O.1 L

potassium phoéphate bpuffer, pH 7.0 containing 250 mNM NaCl

and collected again by centrifugation. They °were then
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. ) o =
resuspended in a minimum volume of the phosphate buffered

csaline solution “and the slurry transferred to screw-capped

vials and frozen in dry-ice acetone mixture and stored at

Acetyl CoA carboxylase subunits were partially purified

_by-'scglihg:»dévn'vthéuvmet@0¢~ of Alberts et al. (1971) and

Albertq,and Vagelos (1968). All steps were performed at 4 Ce

1
3

The thawed cells were washed again with phosphate buffeted
saline solution and then suspended in 0.02 M potassium
phospha te buffer, pH 7.p containing 1 mM EDTA and 1 mM DTT;
0.5 & wet weight cells per ml of buffer fﬂuéé;; et Al.,

1971). Approximately 1 to 2 g€ of packed cells were suspended

-per'“tgst\'fubaa,_TheWtubes_waretpucxepf;p-dhfibé élurby &nd

»sohlcuted for *"90 =8 at- 30% maxihum/'vifﬁ a Sdnlc 300

Dismembrator (Artek Systems Corp., Farmlngdale,.Nev.Yovk,

"U¢SaA})? using “d"bfé¥éooled microtip. Cellular debrls was

'removed by centrlfugation nt 20 OOOg for 30 min (Figure 31).

The pooled supernatant fractions were made to. volume
and“thélﬁucleic aclds werenﬁrééipltated by adding a measured_
volume of 1 M MnClz dgopvlﬁe over 10 min with stirring to a
tinal concentration of O:OS M (Nozaki and Hayeishi,1971).

The pH was maintained at 7 by the addition of O.1.M KOH and

‘the precipit&t;“removed by éentrltugatlon at 20,000g for 1S5

min,. Solid ammoniuia sgulfate was added to the supernatant,

siowly' with stirring over 30 min, to 45% saturation. The pH

of the solution was again malntained at 7 with O.1 M KOH.

-

The solution was stirred an additlonal 1S min and the pellet
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coliected by centrifugation ﬁt 20,000g for 30 min. Tge
pellet was resuspended in 0.05 X }gidazole—ﬂdl (pH 6e7) to a
rrotein concentration of approii@ately 20 mg per mle Alumine
Ccv, which ' was preequilibrated in the imlidazole buffer, was
added at/\a gel to protein ratio of 1/25. The protein-gel
mixture was sgtirred for 5 min and the gel éollected by>
centrifugatioh at 12,0003 for 3 min. An addi tional volume of
gel equal to the first volume was then ad&;d ;o the
supernatant and treated as above. The supernatant fraction
was  saved for isolation of the carboxyltransferase
constituent. The two gel fractions were pooled and'vashed
with 3_sp¢g?$siyg QOO,glkpontioﬁs of O.S-M"a;monihﬁ sﬁltate
in ’d.l ¥ Tris—-HCl, pH 7.7, per mg of gel. For each wash the
gel was stirred for 10 m}n gnd_collected by ;éh{r%;ﬁgatlonx
‘Tﬁe“ b;otin .§§r50¥yiasé;and biotin'carboxyl‘éa;rler‘prote{n
'sgbunlts (Ea) were :eluted ffom the alumine hw;th,0.4 M'
p%iasslum .bboéﬁhat§, pH 7.7 (Alﬁerfsfand.Valgelés; 1968).
Three 'successive washes Qith v400 ul of buffer per mg gel
" treated ,As previocusly &escrlbed were us;d to elute the Ea
constituent. The superna tants were pooled and concen trated
3 -

by precipitation with solid ammonium sulfate to 50%
saturation.

Using the conditions described) the carb;;yltransteéaee
éqnstltuent of the enzyme complex (ES) is only lightly
absorbed if at all to the gel and ;ost ot»this is eluted

with _the 0.5 M ammonium sulfate solution (Alberts et alt.,

1971)« The combined ammonium sulfate washes and the initial
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alumina CV¥ supernatant were applied to an hydroxylapatite
column (10 ml column volume / 10 mg proteln).t The
hydroxy lapati te ﬁas previously equilibrated with Q.Ol M
potassium rhosphate, pH 7.7. The column was eluted 1in
sequence wi th 6,01 M potassium phosphate, pH 7.7vand 0.2 M
potassium phosphate pH 7.7 until fhe OD at 5é0 nm returned
to the base line, appfoximately 2 column volumes each
fraction (Flgure"‘SZ)- The fraction containing the
carbo#yl}ransferase compongnt we s thep eluted with 0.4 M
potassium phosphate,: pH 7.7 (Figure 32) and concentrated by
precipitation with the eddition of solid ammonium sul fate to
50% sa%uration. ) |
q- Assay System for Acetyl CoA ﬂarb@xylase Activity

Enzyme actlvitycwas assayed by the acetyl CoAY dependent
incorporation of (ifC)-bicarbonute into an acid stable
product. " Al constituents, excluding the enzyme
pfeparatlone, were made . up ;s 1nd1vidd§l solutions in
deionized water and st;red at —20' C until required,
Solutions of ATP and MgCl, were brought to pH 8.2 (20C) with
NaOH. Samples of N;H“CO3, NaHCO3 and acetyl CoA 'sufficient
for a single experiment were stored in glass sealed vials
and screw cepped vials respectively, They were thawed Jjust
be fore use . Solutions of ATP, DTT, and BSA were refrozen a
maximum of 3 to 4 times. Thg reaction mixture contained in a

final ~volume of 200 ul: S umol Tris-HCl, pH 8.3 : 1 umol

ATP: 2 umol MgClz; 40 mmol KCl; 0.50 umol DTT; 0.2 mg BSA;
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Figure 31.

Figure 32.

¢

Brief outline of procedure uéed for partial purification of
acetyl coenzyme A carboxylase subunits from E. coli cells.

\\

Partial purification of the carboxyltransferase subunit of
acetyl coenzyme A carboxylase from E. coli cells. Whole.
cell homogenate, prepared as outlined in methods and in
Figure 31, was applied to an hydroxylapatite column and

‘eluted in sequence with 0.01 M potassium phosphate buffer

PH 7.7 and 0.2 M potassium phosphate buffer pH 7.7. The
carboxyltransferase enriched fraction was then eluted with

0.4 M potassium phosphate buffer, pH 7.7 (fraction c).

i
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supernatant to 507 saturaticn ;ﬂ;u”“m' oo N )
centrifuged at
. icentrifuged at 20,500
:?;}m"“ for 30 Ifor 36 =tn ,
(euperomcant die- (Bupernatant ¢iscarded!
carded) ' pellet 1t
pellet i
v
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0.74 umol H!*CO3 (5 wuCi); 0.5 umol acetyl CoA and plant
extract containing 10 to 40 ug of protein. In all cases 2 tor
3 éepllcations at differing protein concentrations were
-employed. and +the reaction. rates were proportiponal to the.
protein concentrations over the range used. Aéetyl CoA was
added to inltiate the reactidn after the other const;tuents
had equllibrated for 3 min at 30 Ce. The iﬁcubdtlons.were
performed 1n a fume .- hood on a shaking water bath and the
reactions terminated after 10 min by the uddltioﬁ of 40 ul
of concentrated HCI.»Fitty ul aliquots of the assay mixture
were spotted on Wﬁétmann #1'\f11tqr paper  discs, 21 mm
diaﬁéter, and dried in a fume hood with the aid of g'heat
lamp at 60 C fbr 30 min. The acid stable radloacti;ity was
counted in a scintillation counter using 0.4% PPO and 0.01%
POPOP in scintillation grade toluene as the scintillation
fluid. Samples tacklng acetyl CoA served as controls.

Tre specific actlyity,h in DPM per umole, of +the
NaB14CO3 solution was determined as outlined by Miller an&
Levy (1969). Serial dilutions of the labeled solution from
2;'75)(106 to 2.75X10 DPM were made with O.1 M NaOH and
aliquots were spotted'on_fllfer paper, dried and counted 1in
the same manner as the reaction mixtures. The stan@ard curve
obtained is shgyn '1n. Figure 33. In the dilution range
2.75X105. to '2.752102 DPM the counting efficiency was 68.8%
,ahd - this wvalue ;as used in calculating the specl fic

activities .

Protein estimations were determined by the method of

’
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Figure 33. Stapdard curve used to determine specific activity of
l—6 C sodium bicarbonate solution. Dilutions of 2.75 x
10" to 2.75 x 10 DPM in 0.1 M NaOH were prepared and )
counted as outlined in methods.
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Bradford (1976) with BSA.ffAcfl¢ﬁhV'éslfhé'étaddafd and the

[

chlorophylls were quantified according to Arnon (1949).

*‘.~Ident1£1cation oi thg Reaction Product

] N Sre o B : - -

wo o Se s o . 3 R . b v -

The reaction product was analyzed by Gelman TLC as

described by Huang(1970). The reaction was terminated with

concentpqted,‘ﬂcl and_,then brought to 3 N EOH to hydrolyze

the +thioester, or terminated with 6 N KOH.-Hydrolysls vas“

P

allowed to proceed for'6 to 8 h and the samples neufna({zed‘_

ATt
A RERE

to ﬁH'“7—ﬁf{h‘ﬁC1:~Kliqﬁ0fs'of unhydrolyzed, hydrolyzed and

‘'malonic acid stendard were spotted on Gelman ITLC-SG. sheets;

dried 1n a fume hood at 60 C. for 15 min under a heat lamp

and Tdévblbped’,wlt@jjthg.Jgolvegt system of water-saturated

‘ether:formic acld (7:1, v/v)e Afteﬁa“chromatography the

sheets were dried in the fume hood at 60 C for 30 mine.

~
. o

Unlabeled vmqlonlc acld was- detected vith Asllghtly
alkaline ‘bfomocéééol éreeh wsolﬁtlon, 400 mg/llter in 95%
ethanol .(Dénls;n v;;é' Ph&res,' 1952). Eofrﬁradloactivity
determinations, 1 cm sectlions were cut from the sheet and
the activity determined in a scintillation counte} as

previously described.
< .

L. Biotin Determination ' S o ~
The biotin content of the chloroplast stroma apd
lamellar fractions were determined by a spectrqphotometric

assay based on the binding of a dye by avidin, essentially

as outlined by Green (1970). Stroma fractions were defatted

.,128.5.,
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with 2 washings of diéthyl ether, lamellar fractions were
re suspended in 1-2 ml of 50 mM potasasium phosphate.buffér,
. pH 6}8;using:the*Ten Broeck tissde grlndér.andvdefatted with

diethyl. etheggm;tpﬁpél 7(4f1;‘§/V);‘Tﬁé stroma and lamellar
fractions iweré  t£a;”m;déf{o ;.§9igmé:Qg 5 9%iip¥mi:;1£h‘SQ;J'
ﬁ?ﬁk‘mpéfaggggq pﬁoéphatehbufig£,upﬂw6%8 and heat gepgtyfgd.?f“
70 ¢ fqr 15 mln-. A;t;; c;oignégtévr&déaf;méérafﬁfe.‘tﬁ;"
samples were incubated with 10 mg protease for 48 h at 50 C.
The -SamPiesj werg again heat denaturg@_aqd fhen qentr{fggeq
at 12,000g for éd“min; The sﬁp;rnatdﬁt vag freé?é dried‘and‘

the biotin content determined by a modification of the Green

me thod (Cerwlh et al, 1969).

The freeze dried samples were dissolved in 450 ul. of
O.1 M phosphate buffer pH 6.8 and 150 ul containing 242 ug

N :
avidin and 22 ug HABA was sdded. The absorbance was read at
" W £ : , ! ez

500 nm and from this the absorbance at 600 nm was

subtracted. Bldt}n &és huan&itié& by comparison to standards
whlch' were also gubJectéd .fo the protease digestione.
Representative absorption ;Bcans and ‘standard curvesg of
biotin standards with and #ithout the protease digestion are
shown in Figures 34 and 35ireépectlvelyw |

Proteln estimates, %y the mgtho& qf Lowry ‘gi ale
(1951), following pregipﬁtation with 5% TCA, on aliquots
' taken bef&fg‘and gftei tﬂ; 48h prqteuse digestion indicated

thet 85% of the total proteins were digested.
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Figure 34.

Figure 35.

Absorption scans-and Standard éurve of biotin standards
quantified with the avidin dye binding method. The blank

‘and biotin standards contained 242 ug avidin and 22 ng

2 (4-hydroxazobenene) benzoic acid (HARA) in a final volume
of 600 ul. HABA lacked avidin and biotin. The readings for
the standard curve (B) were taken at 500 nm.

Absorption scans and standard curve of biotin standards
following protease digestion. Same as Figure 34 only
biotin standards were incubated with protease as outlined
in methods.
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VII. RESULTS

A. Acetyl CoA . Carboxylase ;Aéfii{f;“of ¥Yhole Tissue
Bomogenﬁtes . | |

The uéetyi CoA éarboxylase activity of whole cell
"homogenea tes 18 shown in Table VII. Thé mutant and normal
showed .similar activities ‘during‘ the initial -3 days of
growth ”vhén'coﬁpgred on fhelbasls of protein content, freshi
welght end seedling count. A marked increase in specific
activity from, npprox;mg;ély._6 fé 20 qgoles/mg protein/min
and on a bén iOOhseedling basis from)appro;lmateu& 12 to‘43
umoles/ 100 sgedlgggs/h occurred during vthis- lnterval;
Increeses were, however less evident when expresgssed on a
fresh ‘welight basise. By 4 days the activity Sf the mutant
‘exceeded that of the normal on all comparisons. These
di fferences were ﬁore evident on samples taken from the
apiceal ‘3_lcm leaf segments at ‘4'."5' and 6° ?ays. The
dif;erence be{weeﬁ the 4 and 4' days, which is most gvldent\
for activity expressed as éeedllng cOunté, is likely dqe
mainly to the sampiing me thod as outlined in materialé and
we thods. On samples taken from leaf segments (4', 5' and 6"
days) the activity of the normal was maximal at 4' days and
showe& e rapid decline at 5' and 6' days. The activity of
the mutant peasked at S5' days and showed a decline by §'
:dgfs. The,_activlty of. the mutant at 6°¢ days was only
elightly 1over  than fhaf 6f the 4' day normale. The 6 day

mutant contalgeda Approxlmately twice the activity of the 6

132
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- day normal on both protein ah&jplant count comparisons.

B. Soluble Leaf Acetyl CoA Carboxylase
The ecetyl CoA carboxylase enzyme in higher plants has

been reported as a completely_soluhle protein in wheat germ
extracfs (Hatch andr Stump?, 1961; Heins tein and‘Stumpf,
1969) an& in extracts from ba;ley embr&bg (Brock: and
Kannangarq, 1976)p Kannangara and Stumpf €1872), (1973) and
Kannangera @nd ‘Jensen (1975) suggest that the‘enzyﬁe in
pl;nt chioropiﬁsts- is the prokaryote ‘tyée lnjthgt it is
dissociﬁble into three cons ti tuents; biotiﬁ carboxyl carrier
protein (BCCP), biotin carboxylase (BC) and
carboxyltransferase (CT) . s8imilar to that of E. coli
(Vagelose, 1974)s The BC and Cvaere suggested ¥o be stromal

enzymes, while <the BCCP moiety wnsS membrane bound. An

increease in the specific activity of acetyl CoA carboxylase

ir® +the .high . spsed supernatant fraction was fouﬂd in this

sfudy following centri fugation of S dayl'nornal Gateway
barley (apical Scﬁ) leéaf homogenates af li0,000g for 60 min.
The reéulfs in nmoles NaHCO3 incorporated per mg protein
were: “

Whole Leaf Homogenateececoss 9.6

110.%20g Supernatantececsceel17.1 i

110,0008 Pelleto.....-.....1.4

‘Thie is contrary to what would be expected if one of the
B ) . 3

2
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Table VII.

:’
. .‘

|
i
|
!
|

Acetyl CoA carboxylase activity of wholebcell homogenates

.0f mutant and normal\barley seedlings from 1 to 6 days of

age expressed on protein, fresh weight and rer seedling
basis. Days 1 to 4 are for seedlings germinated from
dehusked barley seeds and harvested as outlined in materials
and methods. Days 4° to 6” are for the apical 3 cm leaf
segments of seedlings grown on vermiculite.

The complete reaction mixture contained in a final volume

of 200 ul : 5 pmol Tris-HC1 PH 8.3; 1 umol ATP; 2 umol -
MgClE; 40 mmol KC1; 0.50 umol DTT; 0.2 mg BSA; 0.74 pmol
Nag! CO3 (5 uCi); 0.5 umol ace ¥yl CoA and plant extract con-
taining 10 to 40 ug of proteintv Samples lacking acetyl CoA

‘Served as controls. Details of the procedures are as out-

lined in materials ggd methods.

Values for 1 to 4 day plant material aré the mean * SE of
two experiments with 3 replicates per experiment. Values

for 4” to 6” days are the mean + SE of ome exper iment with
2 or 3 replications.

T
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corstituents of fhe enzyme complex were membrane bound and

is' 1in agr;ement with the results of Reitzel and Nielsen

(1276) who - reported an increase in the specific activity

when whole barley' leaf homogenates were centrifuged at

Cs Chloroplast Acetyl CoA Carboxylase

Since several -studies have 1nd1cateq thet the plastid
'fractlonlis the ngbr sité’?¥ fatty acid synthesis (Smirnov,
19€1; Mudd an& McManus, 1962; Stumpf and James, 1963; Wea ire
and FKekwick, 1975:'Qh1rogge et al. 1978), .chloroplasts: were
isolated and - the enzyme activity was assayed in both
ﬁembrane and stromal fr@gfions. These results shown in Table,
VIII ~suggest that the complete enzyme complex occurs in the

soluble fraction of the chloroplast. Further comparisons

between the mutant and normal vere therefore made using

In an attempt to obtain a suitable pprameter for

isolated plastids. L

comparisons, plastid numbers weré determined for both the
‘normal and mutant plant tybes.nsince chl ‘ophyll'ls'confiné&
to the chloroplast membranes, calibration curves were
established expressing chlorophyll conqeﬁtratlon against
plastid number. A tyﬁlcal curve 18 shown in Figgre 36. Such
curves were established for bothinutant and normal seedlings
at 4, 6 and 8 days..From'the sloéﬁféf each line the number

of plastids corresponding to the chlorqphyll concentration
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Teble VIII, Acetyi CoA carboxylasge actlvity of chloroplast
' stroma and membrane ractions 1solated from
the apicel 3cm leaf segments of 4 and 5 day
old normal barley seedllngs. Conplete reaction
mixture g€lven in Table VII.

Chloroplast Fraction h nmoles HCO3 incorporated/
AL mg protein/min

. A o Growth Stage (days)

4 ' 1
! s
Whole(dlsrupted) ’ 4.33% 0.98 6445
Stroma 24,30t 4.22 19.02
Lamellar 1.28+ 0.27 - 062
Stroma + lamellar | : 6.00t 1.37 T.84

._—_....___.-—-__-._..____.__._.-__.___-..___—__.--,._——-____,______-_..—.__

Values for 4 days are the meant SE of 3 determlnations.
Values for 5 days are slngle estimates.

could then bé’ determi ned. The chlo;ophyll content per
plastid for both plant tybes at 4, 6; and 8 days is shown in
Table IX. Co.

: The chlorophyll content per plastid of the normal
reached a maximum at 6 days and showed a sllkht decline by 8§
deys. The biastid chlorophyll " content of the mutnnf was
stili fncreasing at 8 days, where ;t represénfed 54% of the
level reached by the normal at its maiimum. A comparison of
the ratio of chlorophyll content of the mutant.to the no;maL
on a whole leaf and on a , per plastid basis {(Table IX)
suggestes somé selection occurred during plastid isolatione.
This 18 esgpecially. eviqent at 4 de . vhefe on the fresh

weight comparison of whole leaves the chlbfophyll content of

the matant was approximately 8% of the level reached by the
) ‘ ’
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Figure 36. Regression line used to determine the number of plastids
) from the chlorophyll concentration of an isolated plastid
fraction of 6 day normal barley. At each growth stage three
separate analyses were conducted for the normal and the

mutant. The average of the three was used to obtain the
individual regression lines.
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3
normal, but represented 38% on the per plastid comparisone.

These di fferences were however less evident by 8 days

<y
presumably due to the €eneral increase in the mutant plastid

size and the overall mutant chloroplast population-becoming
more homogeneous,
Bacterial Contamination in Plastid Isglation
Bacterial contamination in the plastid isolates was
minimal as shown in Table Xe Using the highest eounts
" obtained for the isolates” monitored 1t was estimated at
0.007% and 0.04% for the 6 dax normal and mu{ant
respectively. Those of the 8 day were slightly lower
representiné 0.0008% for the normal and 0.,002% for the

mutant, .
mmm;xﬁﬁmmaﬁmmw

Tre  enzyme activity obtained in chloroélast stromal
preparations from both plant types at 4, 6 and 8 days is
shown in Teble XI. The acfivity of the‘mutant was very high
at v4 'days on atl comparisons;.prdteln content, chloro#hyll
concentrgtion and plastid number. The activity in nmo les/mg
protein/min declined to one third by 8 days, whereas on a
chlorophyll basis it decreased to one ninetieth during this
1nter§a1. The ;ctivity of,the no;mal was also highest at 4
days And decreased tco one sixth on a protein basis and one
hundredth on a chlorophyll. basis by 8 days. Comparisons
between the two plant types at the 1nter§n1 of maxinﬁm
activity, 4 days, showed thg n'o¥mal contained only 60% of

the activity present in the mutant when expressed as
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Table IX. Chlorophyll content rper plastid, from the apical
3cm leaf segments of normadl and mutant barley
seedlings at 4, 6 and 8 days, and the percentage
chlorophyll in the mutant relative to the normal
expressed on a fresh weight and a per plgstld

basis.
Days pg&Chl/Plastid % ChlM/chlN
' Normal -  Mutant . ¥hole Leaf Plastids
4 1.35 0.51 8.16 37.8
+0.18 +0.05 1.9
6 1.74 0.70 26.2 ' 40.2
+0.04 011 ° +7.3
i .
8 1.56 0.94 48.6 60.2
+0.05 +0.10 +6. 8

concentrations used per experiment as shown in Figure 3
Whole leaf estimates are averages of two experiments.

S~

P ‘
Table X. Estimation of numbers of bacteria and plastids

6.

from chloroplast fractions prepared from 6 and

8 day mutant and normel barley seedlings,
Bacteria counts vere estimated from colonies
formed after plating serial dilutions of plast

id

preparations on 4 different agar media and plagstid

-'eounts from the Same preparation were determin
using a haemocytometer.

—__'----——-_———_—---_—_—-—-—_———_._-—-_--—_----_-—-_..--——

Potato
Agar King's Burkhold's Sucrose Nutrient

T e e e s o ——— s S

- o — —— .

Bacteria codnts represent the highest values obtained,
using 3 dilutions with 3 plates per ditution. '
Plastid counts are the averages of 3 estimates.

ed
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Table XI.

Acetyl CoA carboxylase activity of chloroplast stromal
preparations from apical 3 cm leaf segments of 4, 6 and
8 day old normal and mutant barley seedlings. The
activity is expressed on a protein, chlorophyll-and per .
plastid basis. Also the soluble protéin to chlorophyll
ratios of the isolated plastids and an estimate of the
chlorophyll content of the leaf segments was determined.

Complete reaction mixture is given in Table VII.

Enzymé activity -values are the mean *SE of 2 experiments
with 2 to 3 replicates per experiment.
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\nmoleéfmg protein/min and only 7% when expressed as
nmoles/mg,chlorophyll/minl Since tpe chloiophx}l and protgln
content change considerably during ‘thigv'growthnlntebvaL
results were also_expreesed in terms of plastid nuﬁber. The
chlorophyll content on a leaf fresh welght basis shgws a 9
fold l;crease in the mutant and a 2 fold increase in the‘
normal #Pring this gro#th interval (Table XI, Figure 13).
The protein éontent also increased (Figure 12) and ribulose
1,5-bisphosphate carboxylase, the major chloroplastbstfomal
protein, increased 1.5 and 5 fold resﬁectlveiy for the
normal and mutant between 4 and 8 days (Baraﬂklewicz gi aley -

P

1979).

WVhen activity was expressed oq“
X1) ﬂboth plant typesw aza;nl shove&lféxlfuﬁ gctivity,at 4
days, howe%er the normal -contalﬁod only.18iyofbthe level
reacbhe by the mutan;. The activity in both decreased to
Qery 1low levels by 8 dayse. Thlé.decrease could likely be
accounted for in part by the loss of chloroﬁlast soluble.
proteins during pl#stid isolation and hlég perhaps due to an
1nh1bl¥or build-up during greening (Burton and Stumpf, 1966
Eannangara and Stumpf, 1972). Estimates of soluble
grotein/chlorophyll ratios of the plastl¢‘1solates-(Table
XI) were consideraﬁiy 1o§er for the mutant at 8 days ahd the
‘normatl at 6 and 8 days than the proteln/éhlorophy%} ratios
ieported for 1ntaqt i1solated plastids; ;.2 forvspinach

(Kirk, 1971); S.2 to 6.4 for tobacco (Ongun et al, 1968);

8.9 -for‘ spinach (Joyard and Douce, 1977)-;&180 a cursory

>
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.

éomparisonn‘of the ability to evolve (O, in the presence of

,4errlg§ag{§§- bbtoye and after osmotic shock (Lilly et al.,

1975) of a 7 day normal plastid preparation suggested only

25% of ttemplgaﬁids'&ere intacte.
e - R g . ' :

Eannangara s and Stampf . (19723 .. .v¥@ the
- W - T AT v
2 > ‘-, e
carboxyltransferase fgactLg% was inhjb&ted.jinﬁ‘ FBrypted

. , sy Ry
spinach chloroplast preparations and substantial férmation

of malonyl CoA occurred updh the addition of the
éarboxyltransterase subunit purifﬁ%d' from E. Qﬁlii The -
addition  of the partially purified -+ E. coli

carboxyltra?sterase subunit (Eb) to a 5 day normal stromal
preparation did' not enhance Naé*‘co3 1ncorpor§tion (Table.
XII) suggesting the inhibitor wa; not pr%Fent; or iéupresent

it readily inac tivated the carbox&ltrdgsferase subunit. In a

»turther test for 1nh1b1¥or activity aliquots from‘normalhdnd

mitant stromal preparations were pooled. Also whole’tissue‘ 
homogena tes tfom 9 day normal leaQes ahd 1 da& nqgmat—
emsryos were poole&{'sinéé the poéled activi ties as shown in
T#ble XIXI1 w;re additive the iower activity from the normal
st;omal preparations were not due to fhe action of an
1nhfbitor. However comﬁarlsons betveeﬁ whole tissue

homogenates from 9 day normatl leaves and 1 day normatl

embryos revealed an inhibitory effect.
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Table XII. Effect of the addition of E, goli
N ‘ carboxyltrans ferase subunit to a stromal
preparation from 5 day normal barley on the
"acetyl CoA carboxylase activity. Activity
was determined as the acetyl CoA dependent
incorporation of NaH!*CO3 into
an acld stable producte.

——— T —— " ——— — ————— ——— —— ——- o i O e s " — o —— — —— o ————— ————— S —————— . 2 —— ——

EnzymeSyastiem Activity Incorporated
(DPM)
Ea(E.coli) - 3,011
Eb(E.coli) 45
Ea+Eb 77,109
stroma 30,669
stroma+tEb - 29,700

——— e . — o —— i — ————

The complete reaction mixture is given in Table VII.
Eb=23ug protein; stroma preparation=7S5Sug proteine.

Tatdle XIII. Effect of pooling stromal preparations and

‘ whole tissue hopogenates of barley seedllngs
on acetyl CoA o@rboxylase activity,. Stromal
preparations from 4, 6 and 8 day old mutant
and normal barley seedlings were pooled.
Vhole tissue homogenates of 9 day normal leaf
and one day normal embryo were also poolede.

i S e Sl e . e — — — ———— —— ———— — ] ——- _——— " — — — 2 —— . o S e . i e o S i S T S i

Whole Tissue

Stroma Preparations Homogenatel
' (M+N) (N+N)
days/ 4 & 8 9+)
A Y
Activity Obtained 47.4(2) 18.1(3) 13.2(2) 1.2(1)

Actlivity Expec ted? 41.6(2) 20.8(3) 11.3(2) 1.9(2)

——— — — — ———— i —— — ——— — — ——— —— . — it il { U St e il o S S e o ——

Numbers in brackets indicate the number of determinations
The complete assay system is given in Table VII.

1assgy system did not contain KCl, DTT, BSA.

2expected values are the mean of the specific activities
of the unpooled enzyme preprationse.
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D. Asmay Constituents
3

The effect ot-‘the varjious assay constituents on the

< ‘ ’
~

enzyme hctivlty is shown in Table XIV. The \absolute

requirement for ATP, MgCl, and acetyl CoA is in agreement

with the known cofactor requirements for acetyl CoA .

carboxylase activify (Lane et ala., 1974). The wmild
gtimulation by éCl, DTT, and BSA was\hotbalwais experienced
and 1n some instances es shown in Table XIV§ BSA at 0.2 mg
was“slightly inhibitorye.
@

Ee Inhibi tory Effect of Avidin

"Avidin completely inhibited enzyme activity as shown in
Table XV. This 1inhibition was preven%ed if the reaction
medium_cbntainlng avidin was preincubated in the presence of
‘blotin before the ~addition of NaH14CO3. This obser?ntion
indiceted biotin ‘waa perticipating in the reaction.. Biotin

N .

is known to servé%as a prosthetic grohp covalently bound to

NN B -
the enzyme (Lane gt al., 1974; Volpe and Vagelos, 1976;

o

Bloch and Vance, 1977).

4

~a

« End éroduct Analysis

Further evidence thaf the incorporation of NaH!*CO3 was
a measure of acetyl CoA garboxylage activity is provided by
er. —product analysis. As shown in Fligure 37, thinllgyer
chromatogfaphy on ITLC-SG plates suggested the presence of a

JO0A ester since the activity remained at tﬁe”origln in the

solvent system used (Huang, 1970 ). Upon hydrolysis the

x‘s

.0
&
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Table XIV. Cofactorurequirements and the effect of other
additives on acetyl CoA carboxylase activity.
The complete assay system is given in Table VII.

- " ot > . i . . s . S~ A ———— ——— — = — ——— — — — — o A~ ——— A W — vt S

& dav pnormal

Complete 6,093 4360
-ATP _ 57 - 185
-MgC1l, . ' : 20 49
-KC1l (or 20mmol KCl) 5,280(5,747) _ 5037
-DTT (or O0.25umol DTT) S,708(6,054) 4414
-BSA (or O.1mg BSA) 5,597(6,204) 5902
-KCl,-DTT,—BSA 5, 031 -
-Enzyme - 31 49
-NaH!4CO3 26 , 12
~Acetyl CoA 41 66

. . o e Y . S . S —— — o i 2 . o o S St o e S i o

The enzyme preparations added wer;328ug protein from 6 7
day normal chloroplast stroma and 34ug protein from 2 {
dey normal whole tissue homogenate prepared as outlined

in methods. The values in brackets for KCl, DTT and. BSA
represent one half the concentrations of those used in

the complete assay mixture. ‘

!

radiocactive compound showed - the same migration pattern as

malonic acid, which 18 the known acetyl CoA dependent acid

stable product of acetyl CoA carboxylase activity.

Gs Time Curve o o
The incorporation of NaH!%CO3 was shown to be linear in
time for _an incubation period of approximately 20 min for

chloroplast stromal preparations and 10 min for whole tissue

homogenates of 1 day embryo (F;gure 38).
K

Y
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Figure 37. Fractionation of the products of the acetyl CoA carboxylase

enzyme assay from a 6 day mutant stromal preparation. .The

acid stable product was chromatogpamed on ITLC-SG plates as -

outlined by Huang (1970). Alkaline ,hydrolysis was used to
convert ﬁ%lonyl CoA to malonic acid plus CoA. The mobility
of labeled malonic acid produced was compared with that of ¢
malonic acid standard. Unlabelled malonic acid was out—
lined by spraying with slightly alkaline bromocresol green
solution. One cm segments of the developed chromategram
were counted in a scintillation counter to determine radio- -
activity. Unhydrolyzed represents an aliquot taken after
the reaction was terminated with conc. HCl. Hydrolyzed
repregent-an aliquot from theacid terminated mixture mad

to 3 N with KOH. After alkaline hydrolysis it was ’
neutralfzed as outlined in methods.

J e
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o

Figure 38. Time curve for acetyl CoA carboxylase activity from normal
‘ barley. Chloroplast stromal fractions from 5 day normal
//ij barley leaf segments and whole cell homogenates from 1 day
' normal embryo were prepared as outlined in methods.
Activities obtained for the stromal~<preparation between 2
and 20 min were: 20.0 % 0.33 n moles/mg protein/min (mean *
SE, n=8) and for the embryo preparation between 2 and 10 min
were: 5.75 + 0.44 n moles/mg protein/min (mean + SE, n=3).
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He Biotin Content of Chloroplast Fractions
The biotin <content in the stroma and lamellar

preparations was &also determined as a further test for the

location  of the enzyme within the chloroptast. As shown 1in
Table XVI' the biotin content ‘was highest in %?g\ftromal
fractidn, "although the unwashed  membrane fraction also

contained a considerable quantitye. In coﬁtrast toJ the

activity estimates the biotin content ot the stromal

preparations of the normal exceeded the concentration

detected in the muitant.
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Table XV. Effect of the addition of avidinl to
stromal preparations of S5 deay hormal and 6 day
mutant and to 2 day normal and mutant whole
tissue homogenates on acetyl CoA carboxylase

activitye.

Assay mediup? Activity Incorpeorated

' v (DPNM)
2 day Normal (18ug protein) B
Comple te 8,725
+tAvidin (1.4units) 58
+Biotin (1.5ug) + Avidin (1.2units)3 7,589
6 day Mutant (38ug protein) o
Complete 19,989
tAvidin (1.1units) o 43
+Biotin (l.6ug) + Avidin (1. 1un1ts)3‘ " 19,972
+tBiotin (1.6ug) 19,088
2 day Normal (34ug protein) s
Comple te ' _ 4,598
tAvidin (le.lunits) 59
tBiotin (1l.6dg) + Avidin (1. 1un1ts)3 3,433
2 day XNutant (2%ug proteln) . :
comple te ’ ' 4,199
+tAvidin (1.1units) ‘ 71
+Biotin (l.6ug) + Avidin (l.lunits)? 3,495
....... e e e e e e e e e e - ——————— e

lone unit binds 1 ug d-biotin

2comple te assay medium as outlined in Table VII.

3the avidin and avldln-blotln:mlxtures were

preincubated 3 mln with the complete medium minus

sodium bicarbonate NaH!*CO3 was then added to 1n1t1ate '
the reaction.

-

i
LY

Table XVI. Biotin content of the chloroplast stromal
and lamellar fractions from the apical 3cm
leaf segments of 5 day mutant and normal
barley ceedlingse.

T — — — ————— N . — — —— —— — —— ——— ———— S ——— — — —— o W > o et g S - . o " i

Chloroplast Fraction ug Bilotin/mg Proteip
Mutant : _
Stroma ] 100110017
lLamellar 04740, 14
Normal .
Stroma 361220472 .
Lamellar _ 0.77+0,., 06

. —————————— — ———— — —_————— ———— S - —— . —————

Assayed by the avidin-dye binding method (Green, 1970).
Values represent the meantSE of 3 experiments.
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VIiIII. DISCUSSION

. Acetyl CoA carboxylase catalyses th; formation of malonyl
CoA which ig utilized by the fatty acid synthetaseﬁcomplex
.gor de 'nove synthesis of fatty acidse (Lane et ale., 19743
Stumpf, 1977). The 'cargo;ylase enzyme catalyses the first
commi tted st;p in the synthesis of fatty acids and has been
suggested to be the regulating enzyﬁe in fatty acid
synthésls (Laqe'gilgl., 1974; Polekis et al., 1973). In the
prgsent study the cofactor reguirements (Table Xiv), the
complete inhibition by avidin (Table XV) and fhe‘end product
obtaineé (Figure 37)h corroborate the known reaction
mechanism for acetyl CoA Qarboxylase- . iﬁ

~

The ativities of the whole tissue homogenate of embryo

}solates from one day seedlings of approximately 6 nmoles

HCO3 incorporated /hg proteln}mln (Table VII) are compa;hble
to the activities r#ponfeq »for wheat germ (Helnstein and
Sfuépf, 1969) ang baéley embryo extracts (Brock and
. . N
Kennangare, 1976) where the 30,000g crude supernatant
traztlons gave 6 and é ngéles/ﬁg protein/min respectiv 1&.
An increase in activity during growth as'shown in Tﬁble II
was expecte; eince acyl lipids are important constltuents
for membrane formation, however the ne;rly 1dent{pn1 values
of the mutant and normal at 2 and 3 d;ye and the higher
activity of the mutant at 4 days were not expected. Electron
ﬁlcroecopic observations of 2 day shoot sections (QQta not

presented) showed the normal shoots 'nlready contalned

developing chloroplasts with Ylong lamellae traversing the

188§

st d
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plastid agpressed in groups of up to 4 lamellae, whereas in
the mutant shoots chloroplasts were not distinguishable. .
However, several .small organelles contalning starch grélns
were present - which probably represent the undifferentiated
proplastid = (Kirk, 1967)s The mutant at_4 da&é g€rown under
very éimilar con&ltioﬁé was earlier shown to contain very
little internal 'chloroplast membrane structure (Jhamb and
Zalik, 1973). Reitzel and Nielsen (1876) in stydies with
barlgy mutants with leaky blocks‘in chlorbphyll synthesis
report the acetyl CoA carboxylase of the whole.shoots was
1n111a1}y approximately 2/3°  that of normal at 3 days and
dlsplﬁ;;d a 2 day - tl;ellag before the onset of increased
activity. Since the normal barleyvlﬁ thlé study wa§ active
at an earlieri sfage. in chloroplast development and lipid
aynthesis in leaf segments is most active dufing the stage
éf chloroplast development ( Hawke et ple 1974; Bolton ;nd
Ha rwood, 1978) an increased lipid synthesis above the level
displayéd for thé mﬁtant would be expected. Postulafes for
the initial high activity in the mutant could be increased

mi tockondria synthesis or alternative}_pathways for the

enzyme product, malonyl CoA. The higher PE content as

- percentage of total acyl lipids of the mutant in comparison

with the n;rmal at 4 deys (Figure 15) would  suggest
proportionally more mitochondrial to chloroplast membranes
we re present in fhe' mutant sinée the mi tochondria are
enriched in PE and c¢hloroplast membranes lack PE (Mazliak,

. 4
1977)e However this proposed increased channeling of newly

1
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synthesized ilpids ‘into mi tochondria is not evident when
comparisons ere made on a fresh weight basis since the PE,
content of‘both the mutant and ndrmal are similar at 4 days
(Figure 14). ‘ o ol " ”
Aceﬁate label ing Stﬁdles have indicated alternative

pathweys for ecetate utilizationi in developing leaves of
‘babley (Appelqv;st et nley 1968), maizé (Hawke ot ale., 1974)
and 1solatéd plastids from greening etiolated barley
. seedlings (Kannangara andjstumpf, 1971). Durl;g'the initial

stages in greening of barley’ leaftsallces a substantial

proportion of +the !4C—acetate label was directed into the

sterold end nonsaponifiable lipid fraction 1n whi-h A~amyrin

was téntnfﬁyely identified as the major labeled coﬁstltuent”

~ ¢ Loy

(Appelgvist et Ql., 1968). The labeling pattgﬁn was quersed
as chloroplast development pr;gressed and 75% of the label
occurred in the phospho-—, sulfb— and gal#ctollplds in the:
more developed tissue (Appelqvlst_gi‘gl., 1968). This study
is of Ifurther interest since a qonstant level of acetate
lncorppr;tlon ¥nto the lipid fractloh occurfed during the
'greénlng studies (Appelqgvist- et al., 1968). Kannangare et
al. 1971) reported that pl@stids iéolated from barley leaves

B

during the -initial stagée of 1ilﬁminution lncorporat;d thé
me jority of the- chloroform/methanol extractable acetate
label into the stromal fraction and 6-wethyl salicyclic acid
iaécounted for 50 to 50% of the 1%C-label. As greening

rrogressed the flow of 14C-label into 6—nethy1‘8al1cyclic

acid diminished sharply and most of the label was associated
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with the memprane bound lipids (Kannangara éj al., 1971),

The operatlon o¥ alternative pathways was also evident 1in

theAstudy of Hawke et ale. (1974 ) where appreciable sy~thesis

of long chaln saturated futty'acids with 20 or more carbon
4 atoms were obtainéd '1n maize bpasal 1§af segyenfs which

contalne&' undi f ferentiated propixstids. Studies on the more
zmature leaf segments showed the Ci16 and Cy ¢ Iitty acids were
predominantly labeled and no detectable label ogcurred in
the very - 1ogg chain fatty acidse. The long chain saturated
fa tty ﬁcids Iikely serve as precursors in the formation of
cuticular wax (Kolat{ukudy, 1977)e Steroid biosynthesis
involves the isoprenoid pathway ‘which does éo{ requlire
malonyl_CoA (Appelgvist et al., 1968; Goodvin. 1977),Athus a
possible increased syéthesis of steroids in the mutant
reiatlve to the normal could not account for. the high gcefyl
CoA carboxylase activity of the mutaét fme days 2 to 4.
Cuticular wax formation >wou1d 'llkely be common to botﬁ
’mutant‘ and nornal-v‘The formation of 6-methyl sallcyclic
acid, however v;é'shovn to require both CoA; COp and ATP and
the labeling pattern was consistent with th;ihead to'fa1L
condensation of acetyl CoA with malonyl CoA (Kuﬂnangara 2t
VQL-, 1971e). The 6-methyl salicyclic acid was consldafod not
a final end product 'Iin leaf tissue laﬁd is presumably
accumula ted as a result of the disru?tlon ot the nqrmal
sequence of "Aromatlc biosynthesla" "(Xannangara et aley

1971a). Other cellular constituents which require malonyl

CoA in their biosynthesis include blotin (Elsenberg, 1973)
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. N .
and flavonoids (Wong, 1976). The extent to which acetyl CoA

carboxylase may take part iIn the flow of carbon into
alternative pathwa&s or a possible enrichment in the content
of an acyl llpid class in the neutral lipid fraction of the
é@utant relative to the normal during initial leaf
development was not further studied.
The lipid composlfion analysis (Figure 14i showed the
accumulation of  the major chloroplast lipids, the

galactolipids MG and DG.,inqreased rapldly up to 6 days in
the normal bu; were still 1ncreaslng rapldly at 8 days for
the mutdnt. The'dcetyl CoA carboxylase activity expressed on
seediing count (Table VII, days 4! fo 6') partially reflects
the lag in the pﬁtant in which the highest activities in the
aplcal 3 cm leaf segments occﬁrred at 5' days whereas in the
normal the highest for the 3 cm leaf éegments\was‘gt'4' days
and likely occurred qarlier than 4' days (samples were not
teken for the apical leaf segments younger than 4 days). The

A > .
activities expresded on a seedling count basis (Table VII)

are coﬁparable to those ,;f Reitze} ;nd Nleleen (1978) inA
which the acetyl 06A carboxylase acti;ity raachéd a maximum
byIS days of approxlma%élybés umoles/100 seeqllnéé/h.

The ‘a;etyl CoA carboxylas§ activity 61 the chioroplast
prepardtlons (Tebles VIII and XI) repres;nts to the author's
knov}edgg the first repbrted data showing appreciable acet&l
CoA ;carboxylgse activity from chloropiast lsolates; Acetate

labeling studies ( Brooks and Stumpf, 1966) and more recently

14c0, 1ubeli£g studies (Murphy and Leech, 1977; 1878) with
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lsolatedv plastids lndlcatéd the label was readily
1ncofpornted into. fatty acids suggesting the acetyl CoA
carboxylage enzyme was functional, However, upon disruption
of +the chloroplasts acetate and ncetyl CoA were ineffective
substrates although ma lonyl CoA was readily incorporated
(Brooks and Stumpf, - 13866). Further studies indicated an
inhibiteoer was present in the disrupted plastid fraction
(Burton and VStumpf, 1866). However 'ghloroplaets from
.\immafure splnach Iegves isolatéd. ;n a buffer system
contalning O0.06 M ‘blcarbonate retained .fhe~ abillty‘ to
1ncorpprate acetate lﬁto fatty: hc1ds and an acetyl CoA
- carboxy lase activity of 1.7_ nﬁo}eé/-ln/mg protein was
reporté& ( Kannanagare ¢t ale, 1973)., Acetyl CoA carboxylase
activity has also been reported 1in the .propiustld of
developing castor begn endosperm where the enzyme wnsrshown
to be a cytochemical marker for the propiastid fractlo;..A
specific activity as high as 10.7 nmoleéim;n/-g protein was
reported for this fraction (Burden aﬁd Canvin, 1975).

The very high activity of the 4 day mutant stromal
preparntioﬁ Qelative to the normaf, based both on
gplorOphyll and protein content is llkely mainly due to the
ﬁuch higher -RUBP—carboxylase protein present in the normai
relative to the mutant at 4idays (Barankiewicz et ale., 1979)
and the very 1low chlorophyll content per plastla of ?he 4
day muwtant (Table IX). Accurate comparisons on“a per ﬁlastid
basis are ﬁot possible due to the large differences in ¥he

protein/chlorophyll ratios of the 4solated\p1ast1ds (Table

4 .
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. \\/-"‘\ )
X1 ). The very high prote;}hg?lorOphyll ratlo/of~the 4 dey

mutant would ‘reflect 1its 1lo chlorophyll content pet

rtastid, The decline in the prot in/chlorophyll ratio which

i ,
is most evident in the 6 and 8 d&i normal and 8 day mutant

likely indicates excesslive toss of

oluble protei: from the

more mature plastids during isolation. he plastid 1solation

procedure was slmflar to-that outline by Leese xd Leech

-

(1976, who reported high recovery of intact chloroplasts
from maize. However, unlike ' their . ppocedure the final

Gentrifugation buffer did not contain BSA in order fo-permlt

enzyme activity comparisons on a protein basis. The -

7

isolation of intact .chloroplasts from barley and other
gresses 1s difficult ldue\ to "their hiéh fiber content.
Recentl} the use of a ki tchen homogenizer modifiled to
conféin razor blades as tﬁe cutting qevlce was réportﬁé to
improve the yield of intact plastids 1solate&3from barley
leaves (Kennangara et al., 1977). . . N .

The decline in specific activity on a protein l:ua.sis':fo,r"/’t
the normal betweer@ days 4 to 8 and for the mutant betw, .en_'

: >

days 6 . end S.probably represenfs'a true decline since the
ma jor chloroplest soluble protein RUBP cdrboxylaae'shove&
minor 1ncreas¢sl:dhr1ng these stages (Bar;nklemicz et al.,
1979) and a selective loss of chloroplast soluble pyoteln is
not likely, Inhibltor build~up as the seedllnds‘;eached~'
maturity was not found when normal and mutant stromal
isolates from séedlings of the same ;geh bué ﬁltfefent
physiological stages were pooled (Table XIII); Howevgr[cp

2

2
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inhibitory effect was evident when 9 day dnd 1 day whole
tissue homogenates of the normel were compared (Table»XIII).
The essay for the whole tissue comparisons however did not
contaln KCc1t, DTT and BSA which were present jin the stromal
preparations (Tablé XIII) and 1t was not determined if the

-

addition of these consti tuents .would Eelieve the.iphibltion.
Also an increase in actiy}fy vas not ewvident upon the
addition of an active E. colji carboxyttransferﬂse sSubunit
(Table XIT) sSuggesting a fully tunctipnal stromal enzyme
complex. ¢

Few stﬁdies have been carried o@t on the possible
regula{ory role ~of acetyl CoA carboxyﬁaée in fatty acid
syntheéls in plants, Since activities inAthls study were
determined on the basis of total protein not on purified
profeln,. quanti tative chanées in the enzyﬁe Protein during
the maturation of the leaf are not.known,‘Thelplant enzyme
from wheat germ (Burton and Stumpf, 1966),\and the E. coli
enzyme (Volpe and Vagelos; 1876) are not r%gulated by the
'feed-forward activators' . which ihclude ;thg 'TCA~c}c1e
1ntegmed1af¢s described for animal Ilvgr and adiposé tissues
(Lene et a1, 1974). The E. colil syatem differs from the
animal  sys¥em in th;t its fatty acids are primarily
incorporated into rhospholipids which serve as membrane

. : - -

structural components rgthgr thdn being deposi ted as a
regerve source of energ& in the form of.triglyceride& as 1is

the cage in inmal liver and adipose tissgue (Lanetgj al,

1974). The regulation of E. colj fatty acid synthesis has
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been shoWni to be closely coordinated vi@h the rate of
synthesls of macromolecules and cell growth‘ (Volpe and
Vagelos, 1976). The chloroplast system also does not form
triglycerides (Stumpf,1976) and its acyl lipid synthesis 1is
perhaps coordinated to the rate of cellular development.
This appears evident from the acetate labelling studies
where an increase in the rate of acyl‘llpid synthesis
corresponded fo the period”’ moﬁi\ active in chlqroplgst

P

aevelopment (Hawke et al, 1974; Bolton and Harwood, 1978).

Also Mﬁrpﬁy and Stumpt (i979) have shown the Cjg-desaturase
activities ﬁerev selectively induced during the greening of -
cucumber cotyledons and then fell to much lower levels in
the more mature  tissue. A link between the regulation of

acetyl CoA carboxylase activity and cell growth has been

demonstrated for 2 E. colli (Polakis gt al 1973)e The
nucleotides, guanosine S'",3'-diphoaphate ( ppGpp) and
. guanosine S'Ldkphosphat?.S'triphosphate ( pPPGppP) which

accumulate following a nﬁtritlonal shi ft-down, were shown to
markedly inhibit the carboxyltransferasd activity of the
acetyl CoA carquylase reaction (Polakis et gl, 1973). It is
Qf interest that wh?A Chlamvdomonag reinhardl ac-20 cells
we re grown under mixotrophlc conditions an accumulation of
pPGpPP wvas déetected and on the ahlff to autotrophic
condj tions a reductién in ppGpp synthesis was reported which
paralleled the enhanced synthesis of chloroplast ribosomal
RNA (Heirnzman and Howell,.1978).

The igher biotin content in the stromal fraction
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reletive to fhe,lumellar fractloq (Table XVI) is consistent
with the 1ocall%ation of the blétin éontalniqg enz yme fo the
stromal fructlpn (Table VIII). However  the wuch higher
levels .‘1n the ‘normgl reL;tive to the mutane 1s,v;ot
consiastent with th; activities found (Table XI ). Also the
level of biotin at 1.0 t; 3.1 ug/mg protein exceeds that
reported for the , highly purffled barley embryo acetyl CoA
carboxylase (0.42 ug/mg 'profeip) (Brock and iannangarn,
1976)s It is however somewhat less than the blotin content

of the electrophoretically purified BCCP from the barley

embryo (10.1 ug/mg protein

3

) (Brock and Kannangarq, 1976).
The purifijed E. coll BCCP was found to have®a biotin content
of .10;7 ug/mg protein (Fall and Vagelos, 1972). The avidin
dye—-binding ‘wethod for biotin estimations is of lower
sensitivity than the Qlonssa&s however it'is more precise
and convenient ;o use (Green, 1970; Gyorgy, 1967). The assay
is based ;n the fact that avidin binds stélchlomegnlcally
ylth biotin and the dye (HABA ) binds 6n1y to avidln‘CGreen,
1870)¢ Binding of HABA to avidin shifts the absorption band
from. 348 to S00 nm and the dye is displaced by the ad&ltion
of bilotin . ue'sho;n in Figure 34 (dissociation cona;apfs of
HABA-avidin andv blotin-avidin complexes are 5.8x10® M and
10x15 M respeétlvely' (Green,1970). Biotinyl enzymés will
~d:lsp'll;.ce the dye when added to fhe'avldin?HABA complex
however the q;acfion is slqver than that of free biotin and
may not go to completion depending on the complexi ot tge

F

enzyme (Gree?, '1970). These problems can be eliminated by



digesting the enzyme with pronase Green,1970). This

procedure for blbﬁln estimation was/ used and presumed
7

adegquate for the localizatioﬁ/of the cetyl CoA carboxylése
since it is the only blotin enzy;e described for plants. The
. é
high reu&lngs obtained probably reflect a high free bilotin
content in the chloroplast stfonal preparations (Table XVI)..
High levels of soluble biotin were also reported in lettuce,
maize, pea, and tobaccévdhloroplasts ( Xannangara and Stumpf,
1973). The ass#y of non-purified enzyme preparations could
also h;ve 1§d to erroneous results since serum albumins are
¥
'known‘ 10 bind to avidlns(Baxter,/1964) and blotin analogues
‘will also bind to»axldin (Green, 1963 ). The results howeyer
'do. not 'nule out the possibility that the functional BCCP
component of the acetyl CoA carboxyinse complex is also
( . ; .

assoc{aéed with the lamellar membrane as was found by others

(Kennangare and Stumpf, 1972; Kannangara and Jensen, 197S).

-
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