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ABSTRACT 

Acy] lipids were quantified ~n the germ, endo- 
sperm 'and pericarp of LG-11 maize kernels at eight 
stages of development from 9 to 87 days after poll- 
ination (DAP). Changes in the lip~ds are discussed 
in relation to morpl~ological events in the developing 
kernel. Storage tipids (tliglyceride, steryl ester) and 
membrane lipids (diaeylphospholipids) accumulated 
in germ until 52-76 DAP, then decreased slightly 
without fbrmation of hpJd degradation products, 
presumably due to ~espiration. Triglyceride aceumu 
lazed in er~dasperm until 36-42 DAP and then 
decreased. Maximum values for galactosyldiglycerides 
and diacyIphospholipids (nonstareb lipids) were 
reached at 16-23 DAP, and oil decreased to very low 
values at maturity, Loss of  these functional 
(membrane) lipids during the period of  endosperm 
eel1 filling is unexpected. Starch contained 82% of the 
lysopi~ospholipids and 64% of the free fatty acids in 
endosperm at 76 DAP. Endosperm lysophosptto- 
lipids increased until 76 DAP and then decreased 
slightly, while free fatty acids increased continuously 
to maturity. It is thought that free fatty acids were 
mostly inside starch granules at all stages of  develop- 
ment,  and any possible decrease after 76 DAP was 
masked by acids formed by hydrolysis of aleurorLe 
and endosperm nonstarch lipids from 52 DAP. In 
pericarp, glyeolipids were prominent only at 9 
DAP, and phospholJpids decreased after 42 DAP. 
Loss of  these lipids is associated with senescence 
of  most pericarp tissue. Triglycerides and steryl es- 
ters accumulated steadily to maturity,  while the main 
accumulation of  unsaponifiables occurred after 52 
DAP about the time of suberin formation. 

INTRODUCTION 

It, a recent paper ( I )  we described the quantitative 
distribution of  various aeyl lipids in the germ, endosperm, 
pericarp and tip cap of  amylomaize, noxm',d maize (LG-11) 
and waxy maJ.ze, Substantial quantities of free fatty acids 
and partial glycerides in the pericarp and endosperm 
nenstarch lipids suggested that there had been extensive 
degradation of  lipids in these tissues during development 
when there would still have been net  synthesis of  lipids in 
the whole kernel. 

Several authors have described the accumulation in 
developing maize of oil (2~7), and changes in fatty acids 
(2,6-1 l), nonpolar  lipids (7,12), glycolipids and phospho- 
lipids (9,12,13), did1 lipids (14-16), stemls (17), toco- 
pherols ( l t ) ,  caroteno2ds ( I8)  and the stereo-specir% 
distribution of fatty acids in the triglycetides (10,19),, 
t towever, there has been no comprehensive study of  all the 
acyl lipids in the principal parts of  developing maize ker- 
nels, and hence there is no direct evidence tc SUplzort our 
suggestion (1) that there is substantial degrad~ttion of  
lipid~ in the developing pericarp and nonstarch fraction of 
the endosperm, 

In this paper we describe a study of  the l ipidsin develop- 
ing LG-11 maize which complements our previous work (1) 

and shows patterns of lipid syntttesis a~d degradation m 
various parts of  the kernel. 

EXPERIMENTAL PROCEDURES 

LG-I1 (a triple-cross hybrid forage maize) seed was 
provided by Mr. D.S. Kirnber, National Institute for Agri- 
cultural Botany, Cambridge, and was grown under glass at 
the Botany Department Research Laboratories of tlle 
University of  Glasgow by courtesy of Dr. Y. Hillman. 
Naturai pollination occurred on ,l-lily 5th, 1977 (-* 2 days), 
and development is expressed as days after pol l in , t ion 
(DAP) from this date. 

Samples consisting of  equal number of  kernels taken 
frt~m three zones (3 cm from tlze base, 3 em from the apex, 
and from the centre) of each cob were used for immediate 
determination of  moisture and dry weight, and for total  
hydrolysate lipid as fatty acid methyl esters, FAME (1). 
Kernel dry weights varied by -+ 60% at 6 DAP, and by less 
than -+ 15% at all other harvesting dates. Analyses were 
always made on fresh samples. Stored, refrigerated or 
frozen samples were never used. 

Similar samples were treated to inactivate enzymes 
before dissection and analysis of  lipid classes. Germ and 
whole kernels at 6 and 9 DAP were boiled in methanol, 
while all other samples were heated in water-saturated 
n-butanol at 100 C for 10 nfin. The methanol treatment 
failed to prevent some formation of  phosphatidyl-methanol 
artifact, probably due to mcoml~Iete inactivation of phos- 
phelipase-D. Method~ for extraction and analysis of  lipids 
have been described in a recent paper (1). Nonpolar lipids 
and glycolipids were separated by thin layer chromatog- 
raphy (TLC) and quantified as FAME by gas chroma- 
tography, while pb.ospholipids separated by TLC were 
quantified from their phosphorus content.  Each result is a 
single mean value of all analyses (minimum three pe~ 
sample) of two ot three cobsamples  taken at each har- 
vesting d a~e. 

The fatty acid compositions of  all nonpolar and glycolipid 
classes and of the  total phospko~ipids were determined in 
the course c}f this work. Significant changes are mentioned 
in the  text, but the full data have not been presented. The 
complete results can be obtained directly from the authors. 

RESULTS AND DISCUSSIONS 

Gross Changes 

Changes in the lipids of  developing kernets are discussed 
(below) in relation to recorded morphological events 
(20-26) which have been summarized in F~gure 1. Although 
the time scale of development will obviously differ between 
studies and even betweeta individual kernels from the same 
cob, the sequence of events will always be the same. In the 
present study, samples for each stage of  development 
probably represent a spread o f  several days in kernel 
maturity and also in cell maturi ty throughout  the develop- 
ing endosperm and germ of individual kernels. 

A cool  period of  weather from a2 DAP also prolonged 
the period of cell filling in endosperm and germ (and hence 
the lime to reach full maturity), and the DAP time scale 
was thus somewhat extended latterly. 

The water content  of  the whole kernel and endosperm 
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FIG. 1. Events in the developing rna~zc kernel Odapted from rots. 20-26). 

reached a maximum ca. 23 DAP and then declined (Table 
IL while m germ it reached a later maximum ca. 52 DAP 
and decreased to an cxception',dly low level (12.8%) at 87 
DAP. The pericarp lost water steadily throughout  develop- 
ment ,  while the water content  o f  the tip cap varied irregu- 
larly. Similar patterns have been reported previously for 
water in the whole kernel, endosperm and germ (3). 

Maximum values for dry weighL nitrogen and lipid (as 
FAME) were reached at 52 DAP, or oecasitmally at 76 
DAP, in all tissues r pefica~p where maximum nitro- 
gen was at 6 DAP (Table I), These results are consistent 
with known morphological changes (Fig. 1 ) if it is assumed 
that in the whole kernel and endosperm most of  the dry 
matter is starch from 16 DAP. 

It appears that physiological maturity measured by the 
above criteria was reached ha endosperm at 35% moisture 
and in germ at 50% moisture.  These figures are welI above 
accepted moisture levels for harvesting. Sinai]at early 
maxima m oil content  have been observed in some maize 
varieties (2,6-8,10) but not  in others (2,3,5-8,11,12). 

Germ Lip[ds 
Changes found in germ lipids are Gonsfstent with known 

developmental events (Fig. 1). Germ develops slowly nntiI 
12-15 DAP, then develops rapidly until ca. 45 DAP 
(3,21,24,25). Since germ remains viable but dvrmaat  at 
maturity, it is reasonable to expect  that cellular organiza- 
tion will be mostly intact and components  such as lip~ds 
undegraded. 

In LG-I 1 germ, the diacyl phospholipids,  which would 
be fl~ various membranes,  increased rapidly between 16 and 
52-76 DAP (Table 1I) and then decreased sEghtly without  
accumulation of  lysophospholipids. Phosphatidyleholine, 
phosphat idylethanolamme and phosphatidylinositol  are 
characteristic phospho~pids in cereal germ (27) and in the 
spherosome unit membrane (28,29). [n the total  phospho- 
lipids (the fatty acids of  individual classes were not  ana- 
lyzed), tinoleate decreased from 58% to 50%, while oleate 
increased from 8% to 18% and other  acids maintained fairly 
constant proport ions throughout  development.  

Since most o f  the kernel phosphohpids  are in the germ 
(Tables II and liD, bruited comparisons can be made with 
previous studies of  whole kernel phospholipids, There is 
general agreement that phospholipid levels reach a maxi- 
mum before maturity (7,12) and that during development 
there is a decrease in linoleate and an increase in oleate in 



AUGUST, 1979 rAN AND MORNINGS: LIPIDS IN DEVELOPING MAIZE 76 ] 

total phospholipids (9), and in phosphafidylcholine, phos- 
phatidylg~yceml, phosphatidylmositol and phosphatMyl- 
ethanolamine (7). Rowever, the differences between 
sweetr varieties (9,12) are sufficient to caution against 
drawing further conclusions at this stage. 

Tfiglycertdes, stored in germ spherosomes, accumulated 
rapidly until 52-76 DAP, then declined sightly (Table II). 
Linoleate content  increased utfiforrnly throughout develop- 
ment from 52% to 62%, while oleate decreased from 27% 
to 23% and palmitate from 20% to 13%. Previous studies 
(6-10,12,13) have shown both simiiar and opposite trends 
in the fatty acid composit ion of  germ off and whole kernel 
triglycerides, these being largely germ triglyeeride at all 
tater stages of  development. 

SteryI ester in germ 'also J.nereased until 76 DAP and 
then decreased sharply. The percentage composit ion of  the 
principal fatty acids showed a maximum (72% linoleate) 
and minimum (13% palmitate, 9% oleate) at 52 DAP. 
Unsaponifiable matter, which is mostly sterol, increased 
continuously to maturity and may have included deaeyl- 
ated steryl ester at 87 DAP. 

Changes ixt the quantities of  diglycerides, mono-  
glycerides, free fatty acids and glycolipids were irregular, 
but all reached low levels at 87 DAP (Table II) comparable 
to previous analyses of mature LG-t 1 maize (1). Some 
changes in fatty acid composition occurred at 23 DAP. At 
this point diglyceride had maximum linoleate (42%)and 
mink, s u m  palmitate (16%), while ~mnoglyceride had 
minimum linoleate (27%) and maximum patmitate (45%), 
and acylstearylglycoside had minimum tmoleate (20%)and 
maximum palmitate (50%). Tlaere were no significant 
changes in the other  fatty acids of these kipids. The only 
consistent changes in the galactosylglycerides were de- 
creases in lmolenate from 20-34% at 9 DAP to 1-2% at 87 
DAP. 

Changes in germ lipids up to 52-76 DAP appear to be 
normal. The late disappearance of  storage lipids (Tri- 
glyceride, steryl ester) and structural lipids (diacylphos- 
phollpids) without formation of  degradation products such 
as diglycerides, monoglyceri~les, lysophospholipids m~d free 
fatty acids, suggests that these lipids were required for 
respiration when energy from photosynthesis was no longer 
available, Since loss of  germ lipids does not always occur 
(2,.3,5-8,i t,12), the presumed respiration may be a varietal 
characteristic or it may be caused by less favorable growing 
conditions during the later stages of  kernel development. 

Endosperm Lipids 
Lipids in the endosperm of maize (1) and wheat (30,31) 

have been separated into aleurone, nonstareh and starch 
fraction lipJds, each with a characteristic composition. 
Aleuroue lipids resemble germ lipids, and are mostly 
triglyceride with some phospholipids (spherosome Iipids), 
Nonstarch lipids consist of  triglycerides and free fatty acids 
(spherosome hpids?), glu and phospholipids (m~m- 
brahe lipids), while starch lipids are free fatty acids and 
lysophospholipids which are firmly retained within the 
starch granules (27). 

Composition of the nonstareh (plus aleurone) and starch 
lipids from kernels at 76 DAP (Table iV) agreed well with 
previous analyses of mature LG-11 (1). Unfortunately,  i t  
was not  practicable to obtain similar data for immature 
kernels, and the results for total  endosperm liplds (Table 
lily have therefore been interpreted by extrapolating from 
data for mature samples, assuming that the starch lipids 
were stable once formed. 

Triglyceride is stored in spherosomes in Neurone and 
germ tissue (spherosomes have not been identified in mature 
starchy endosperm although triglyceride is present). The 
quant i ty  of tdglyeeride reached a maximum at 36-42 DAP, 
when the Neurone cells should have been fully d.if- 
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T A B L E  [I 

Lipid Classes in *.he Germ o~ I)cveh~plng [.G-1 I Maize Kernels  (tag Lip id /G~rm)  

Days af ter  poBlnati,on, DAP 

Lipid class 9 16 23 36 42 ~2 76 

Steryl  estet  ~ 3 I 6 18 152 225 325 357 
'l 'riglycer~de 229 1365 2196  " / 4 5 3  9833  11346 10786  
Diglycerid(: 28 189 110 335 454  370 3555 
Free fa t ty  a(:id 7 9 56 72 98 96 
Mo noglycer ide  a 4 5 :52 bU 56 I 14 
Acylr, ter)  Ig~yeoside 20 36 12 :t '/ 142 I 11 198 
Monogalac tosyld ig l  yceride j 23 22 30 36 ,I,t 107 

. [ 22 12 9 41 48 34 Monoga l ac to sv lmonog lyce r ide  ' l 7 
Digalac t osyldigl  y c ericle 1 ~ t73 63 85 114 3"6 89 
Diga lac t e sy lmonog lyce r ide  { 66  62 86 61 7 I 
I>hosphatidylet hano lamine  h 10 25 39 90 122 .;25 I (10 
Pm~sphat idylehnl ine 14 55 91 214  335 368 403  
Phospha t idy l inos i to l  5 14 21 l O0 109 95 142 
L y s o p h o s p h a t i d v l e t h a n o l a n d n e  c I 1 2 I I I0 I I 6 
Lysophospha t idy l~] to l ine  t race  1 2 I I 1 I 17 1 I 
Phosphatidi~. acicl :r~ce .~ 2 I I 12 27  13 
Nonpola r  acyl  lipids 210  155581 2338  8048  106,.;4 12195 11708 
G!yeol ipids  37 IS4 175 7.73 419  3,.'1,0 499 
Phosphol~pids 30 98 157 .~37 599 643  675 
l l e s a p o r  it'3abl,; 26 310  -125 530 1178 12011 
"rotal lipida d 33'7 183~" 2966  90'75 12089 ! 4 1 6 ' 2  13B31 

a lnc ludes  some  6-O-acylmon,ggMactos~ ldiglyceride.  
b lnclude~ soill(: ph , a spha t -dy l~yce loL  
~:lneludes ~un ,e  l y sophospha t idy lg lyce toL  
dC,orrecled for  xteral  shown twice it* steryl ester,  acyls tery lg lyceros ide  ar,:;I in ~nsaponi f i a t l e s .  
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T&BI.F I l l  

Lipid C:ass~:s in the Endc~spetm of  Developing I,G-I I Maize Kernels (~8 L ip id /Endospe rm)  

Day~ after  l:c, t l inalion,  DAF 

Lipid class ~ 16 23 36 42 52 "76 87 

SletyI ester 33 ,18 85 i 35 ~'4 I 19 151 10g 
Lriglyr e 445 781 839 909 9(16 814 663  6 3 ?  
Diglyceride 63 117. I2,a 159 96 121 57 80 
l 'ree fat:3, acid 23 26 49 d'9q 5522 8955 1310 1352 
Monoglycc r idc  a 9 '2a 22 sg  68 50 64 24 
A."yls terylglycoside 15" 90 x.l.g 78. 44 46  51 "28 
M~nogahlc tos)  Idigl y r I i ' ;2 7fi 53 60 53 26 ~, 
Monogalactosyhn~:~oglyceri ,- le  I 0 14 46 47 32 29 12 
Dig ala c t o.'~,r Idigl y c eride 135 2:.6 235 202 178 170 52 15 
Digalactosy Imorloglycerid e 59 95 107 83 83 ~ S 2 ~. 
l ' hospha t /dy le r  hand! a mine h ] 02 (: 120 91 77 "211 5, 3 19 1 S 
I~hosph a.'id y h:holinc 167 486 314 193 128 102 67 42 
Phospha t idyUnos i to l  59 83 107 79 68 38 27 
LT~ ~ophospha t idy le th2no lami ; t r  d 1 I 24. 4 t 72 62 67 I 0 l 73 
L y s o p h o s p h a t i d y l c h o l i n e  5 62 130 419  ,tS 1 498  "--97 402 
Phoaphal id ic  acid I 0 24 23 20 62 35 20 92 
Not)polar  acyl lipids 573 %,91 I I 19 1760 IO'71 1999 2~55 21~8 
Glycol ip ids  163 437 468  4~56 412 384 213 ~,7 
l~hospholipias 354 599  706 851 841 796  704 585 
Ut~sapon]ftable 189 275" 414  470  6"/3 66"1 620  
I olal  lipicl e 736 2171 2 5 1 0  3415 "~:159 .4778 3779 3431 

ahtclude~ some 6-O-acylmotmgalacl~_.~vldiglyeeride. 
b lng ludes  some ph~.~ph..It idyi_.H?,'c~'lul. 

Clneludes 5 /.tg d ip~wsphat idyig lycerol .  
d lnc ludes  8dine Iya.ophc~pl 'azldy!glyce;ol .  
CCorrected for  stexol shc~wr~ tx~.ice in ~leryl, acylxter., , lglyeoside and in ulbsaoonifiables. 

t e r e n t i a t e d  a n d  f i l l ed  w i t h  p r o t e i n  b o d i e s  a n d  s p h e r o s o : n e s  
( F i g .  1 a n d  re.%. 2 0 - 2 3 ~ .  T h e  s u b s e q u e n !  d e c r e a s e  s u g g e s t s  
[ i p o l y s i s  a n d  p o s s i b l y  a l s o  respcation d r : r i n g  t h e  f ina l  s t a g e s  
~>f e n d o s p e r m  d e v e h ~ p m e n t .  L i p o l y s i s  w o u l d  a l s o  a c 2 o u n t  
f o r  l h e  l a r g e  a l U u u n t s  o f  d i g 2 y e e f i d e  a n d  f r ee  f a t l y  a c i d s  
p r e v i o u s l y  : o - J n d  m a m y l o m a i a e  a l e u r o n e  i ipiCq ( I ) .  T r i -  
g l y c e : i d e  f a t t y  ac id  c o m p o s i t i o n  w a s  r e m a r k a b l y  c o n s t a n t  
t i t : d u g ! l o u t  d e v e l o p m e n t .  

S t e r y l  e s t e r s ,  d i g l y c e r i d e s  a n d  m o n o g . ~ y c e f i - t e s  r ea t :h t :d  
r a a x i m u m  v a l u e s  b e t w e e n  3 6  a n d  7 6  I ) A P  wil .h inte_,- 
~ c d i a t c  l o w e r  v a l u e s  a t  4 2  o r  5 2  D A P ,  b u t  geZlcJaEy 
p a r a l l e l e d  t h e  levels  o f  t r i g l y c e f i d e s .  N o  p a r t i c u l a r  s ign i f i -  

c~.nce ca r .  be  g i v e n  t o  t h e s e  r e s u l t s  o n  t e e  l i m i t e d  e v i d e n c e  
a v a i l a b l e .  

G l y c o l i p i d s  a n d  : l i a c y l p h o s p h o l i p i d ~  a re  t y p i c a l  r r -em- 
b r a h e  t ip ids ,  a n d  m o s t  a r e  f o u n d  in Ilhc n o n s t ~ r c h  lii~i~ 
f r a c t i o n  ( 1 , 2 7 , 3 0 - 3 2 1 .  A c y l s L e r y l ~ y e o s i d e  m a y  f u n c t i o n  
a l so  as a t r a n s p o r  intermediate ( 3 3 ) .  M c n o ~ a l a c t o s y l d " -  
t ; l y c e r i d e  a n d  d i g a l a c t o s y l d i g l y c e n d e  r e a c h e d  e a r l y  m a •  
:q 1 6 - 2 3  D A P  ( T a b l e  111) d u r i n g  t h e  p e r i o d  o f  s t e v e  e n d o -  
>peru1 cel l  d i v i s i o n  (F ig .  1 a n d  re f s .  2 1 , 2 2 , 2 5 )  a n d  - h e n  
d e c r e a s e d  t o  v e r y  l o w  e v e l s  a t  r a a t u r i t y .  Maxl tnut tm vq' . t les 
f o r  t h e  c o r r e s p o n d i n g  g a l a c [ o . ~ y l m o n o g l y c e r ~ d e s  a n d  
a-r  o c c u r r e d  a t  3 6  t )AP .  T h e  s i g n i f i c a n c e  o f  
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TABLE IV 

Lipid Classes in the Aleurone plus Nonstareh and Starch Fract ion 
Lipids o f  LG" 11 Endospe rm at 76 DAP (/.tg L ip id fEndospe rm)  

Aieurone  plus 
IApid class nons tarch  fract ion ,qtargh f rac t ion  

Story/ ester 113 38 a 
Triglyceridc 60~ 6 I a 
Diglyeeride 53 9 a 
Free f a t ty  acid 475 835 
Monoglycer ide  b 3B 25 
Acyls terylglycosidc ;.o 10 ~ 
Monogal actosyIdiglycel ide 14 19 a 
Monogal~cl osyhnol toglyeer ide I7 12 a 
Digalact trs yldiglyeeride 38 IS a 
DigaTaet as y hnono glyceride 51 25 a 
Phosphat  [dy let hartolamit~e c 19 - -  
Phesphat idylehol i r te  51 I 6 a 
Phosphatidylinosi~ol  20 =-- 
Lysopho~ph~tidyle than~lamine 38 63 
Ly~ophosphat idytr  h aline 68 429 
Phosphat idic  acid ~- 17 a 
Noapolax acyl lipids 17~g4 968 
Glycolipids lZ~0 81 
Phospholip[ds 200 525 
Un sapoaif iable 62t 2 30 a 
Total lipid 2256 1604 

aTypica l  non,~tarch lipids a t t r ibuted  • con tamina t ion  

blnchldes  some  6-O-acylmonagalactosyldiglyceride. 
Clncludes some  phosphat idylglycerol .  

o f  tile s tarch fract ion.  

TABLE V 

Lipid Classes in the l 'er icarp o f  Developing LG-I  1 Maize (.uS Lip[d]Periearp)  

Days a f te r  poll ination,  DAP 

Lipid class 9 16 23 36 42 52 87 

Steryl ester  9 10 19 21 20 21 11 
Trlglyceride 24 42 36 53 a9 75 69 
Diglyce ride 9 6 9 9 7 7 4 
Free f a t ty  acid tO S 9 7 9 10 9 
MonoglY ceril3 e 4 2 3 3 3 3 2 
Acyls terylglycoside 42 8 ao 7 7 4 a 
Pho sph a/ idy lel h'~no lamlne a t4  10 7 13 2 1 
Phosphat id  ylcholhle 43 26 32 33 4 2 
Phosph at idylinosi tol  10 8 12 10 3 2 
Ly~ophos pha t idy le lhanolamine  b 3 $ 6 5 1 t race 
Ly~ophosphal idylehol ine  7 3 3 3 2 1 
Phosphat  idle acid 7 9 3 t7  5 3 
Nmapolar acyl lipiOs s6  65 76 93 88 116 95 
Glyeolipids 42. 8 10 7 7 4 4 
Phospholipids 84 61 63 81 17 9 
Unsapo nifiable 14 28 48 28 45 133 
Total  lipids e 98 163 172 198 191 t69  234 

alnelu6os some  phosphatidyl$1yeerol,  

b inc ludes  some  lysophogphat idylglycerol .  

CCorrected for storol shown  twlc0 in s teryl  ester,  aeyls terylglyc~side and in unsaponi f i -  
ables. 

these results is not known, but it is noteworthy that d~ol 
ljpids0 and acy[ethyleneglycolgalactoside (which was not 
distinguished from monogalactosyldigiycedde in the 
present study) are present in large amounts only at the 
earliest stages o f  kernel development (14-16). 

In monogalaetosyldiglyeelide the linoleate decreased 
from 70% at 9-16 DAP to 46% at 52-87 DAP, while palmi- 
rate increased fxom I2% to 28% and oleate from 7% to 
14%. These changes in fatty acids were nat fully coincident 
with changes in the quantity o f  lipid. On the other hang, 
digalaetosyldiglyceride exl~bited a clear maximum of  67% 
linoleate and minimum of  11% palmitate and 6% oleate at 
23 DAP which did coincide with the maximum level of  
lipid. There were rte significant changes in the fatty acids of  
acylslerylglycoside or monogalactosylmonoglyceride, but  
there was a steady decrease in 1.inoleatr (54% to 28%) and 
increases ~n palmitate (29% to 40%), stearate (5% to I6%) 

and oleate (8% to 18%) in dJ.gaiactosyLmonoglyeeride. 
In previous studies (12,13) no distinction was made 

between glycolipids in germ and endosperm. In the pxesent 
study the majority were in endosperm until 52 DAP, and 
then in germ (Tables It and III), the combhted maximum 
being at 42 DAP (831 /_tg glycolipids/kemel).  This agrees 
with data for inbred H51 (13), but  maximum levels were 
attained earlier in some sweetcom mutants (12). 

The principal diacylphospholipids also reached ~afly 
maximum - p h o s p h a t i d y l e t h a n o l a m i n e  at 16 DAP and 
phosphafidylcholine and phosphafidylinositol at 23 DAP. 
Parallel behavior between ~riglycerides (maximum at 36-42 
DAP) and diaeylphosphollpids in Neurone might be ex- 
pected (eL germ lipid results, Table II), but, i f  this existed, 
it was masked by changes in the nonstarch phospholipids. 
In any case, it is clear that there was substantial degradation 
of  diacylphospholipids from about  the end of  cell division 
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in starchy endosperm and aleurone. Previous results (1) 
indicate that phosphollpid degradation is almost complete 
in the nonstazch lipids. This is remarkable because these 
hpids are usu~dly regarded as essential for membrane 
integrity, which in turn is necessary for synthesis of  storage 
protein and starch. Since accumulation of  protein and 
starch (endosperm cell falling) continued up to 76 DAP 
(Table I), there is clearly a problem to be resolved here. 

Starch hpids in mature LG-11 nl~ze are mostly free 
fatty acids and lysophosphohpids (1). In kernels at 76 DAP 
at least 64% of  the free fatty acids (835 #gJkernel) and 82% 
of the lysophosphohpids (429 btg[kernel) w e n  in the starch 
hpids. Unfortunately,  i t  was not  possible to obtain data at 
earlier stages of  development,  and it has therefore been 
assumed that at least 80% of the lysophospholipids were in 
starch lipids at all stages of  development. 

There was rapid accumulation of  lysophospholipids 
between 16 and 52 DAP during the period of  dry weight 
gain (Table I), cell filhng and starch synthesis (Fig. 1). The 
terminal decrease in lysophospholipids coincided with 
decreases in dry weight and nitrogen (Table I). This prob- 
ably fi:tdieates consumption of  some starch and protein 
reserves in the maturing endosperm, when some protein and 
lipid reserves were being consumed in germ (see above). 

If the proportions of  free fatty acids and lysophospho- 
lipids are constant in starch throughout development (there 
is no evidence for or against this view), then the levels of 
free fatty acids would have reached a maximum at 52-76 
DAP. However, i t  has already been deduced that there was 
some hydrolysis of  aleurone and nonstarch lipids, and this 
could account for the increase in total endosperm free fatty 
acids from 52 to 87 DAP when there might otherwise have 
been a small decrease parallehng that in the lysophospho- 
lipids. 

Pericarp kipids 
Development of  pericaxp from ovary wall tisstte is 

complete ca. 18 DAP (21) andis  followed by cell degenera- 
lion, cell collapse, lignification and suberization (Fig, 1). 

Triglycerides and steryl esters accumulated throughout 
development (Table V) and may be reserve substances. 
Glycolipids, which seem to be associated with developing 
tissue (see endosperm results and discussion), were promin- 
ent at 9 DAP and were then reduced to very low levels. 

Diacylphosphohpids (associated with membranes) main- 
rained fairly constant levels until 42 DAP and then de- 
creased shaxply about the time of  cell degeneration and 
collapse (Fig. 1). Since lysophospholipids and free fatty 
acids did not  accumulate, these hydrolysis products must 
have been consumed ha subsequent metabolic processes. 

The large increase in unsaponifiable matter,  especially 
between 52 and 87 DAP, is pzobably a measure of subelin 
formation since the unsaponifiables include large quantities 
o f  a]iphatic alcohols (1). 

General Discussion 
Chauges ha the lipids of  germ, endosperm and pericarp 

are nlostly consistent with known morphological events in 
the developing maize kernel (Fig. 1). 

Membrane and storage hpids in  germ comprised the bulk 
of the kernet lipids. Small losses due to respiration seem to 
have occulted between 76 and 87 DAP, during the final 
drying-out stage. These losses may be a varietal charac- 
teristic, or they may have been caused by a period of  less 
favorable growing conditions. 

Endosperm contained a substantial part of  the whole 
kernel lipids up to 23 DAP, and this may welt apply also in 

sweetcorn varieties which are harvested at similar stages of 
development (9,12). 

The extensive degeneration of  aleurone and nonstarch 
hpids from 36 DAP is remarkable. This seenls to be a 
feature of maize, slnee previous analyses of mature kernels 
also showed high levets of  free fatty acids and very little 
glyeolipids and diacylphosphohpJds (1). There have been no 
comparable studies of  other  cereais, but analyses of  mature 
wheat endosperm (30) and white flour (27,30-32) show 
high levels o f  glycohpids and diacylphospholipids anti low 
levels of free fatty acids, and there is thus no prima faeie 
evidence of  significant degradation of  nOllstarch lipids in 
develo ping wheat. 
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