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Comparison of Lipid Composition of Mesophyll and
Bundle Sheath Chloroplast Membranes of Maize

Cho, Sung Ho
(Department of Biology, Inha University, Inchomn)

ABSTRACT

The lipid composition of thylakoid membranes was compared between mesophyll and bundle
sheath chloroplasts of maize. According to mild-denaturing gel electrophoresis, mesophyll thylakoids
contained both PS I complex and PS II light-harvesting chlorophyll-protein complex(LHCP), while
those of bundle sheath cells contained mainly PS I complex. The amount of lipids per mg chloroph-
yll was higher in bundle sheath thylakoids than in mesophyll. The major polar lipid classes were
monogalactosyldiacylglycerol(MGDG), digalactosyldiacylglycerol, sulfolipid and phosphatidylglycerol
(PG) in both tissues. Linolenic acid(18: 3), linoleic acid(18:2) and palmitic acid(16: 0) were the
main fatty acyl components, with higher ratio of unsaturated to saturated fatty acids in bundle
sheath thylakoids, suggesting these membranes are more fluid. The most striking difference in
lipid composition between the two kinds of tissues was the practical absence of trans-A*-hexadece-
noic acid(16 : 1t) in PG of bundle sheath thylakoids. This fatty acid is known to be involved in
the association of LHCP as oligomeric form. More than 80% of MGDG molecular species was
18:3,18 : 3, demonstrating that maize is a typical 18:3 plant. Therefore, the possibility of the
functional relationships between the lamella structure, and thus the distribution of photosystems,
and MGDG molecular species was excluded.
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Table 1. Comparigon of chlorophyll and polar lipid com-
position between maize mesophyll and bundle sheath
thylakoid membranes

Mesophyll Bundle sheath

Chl a/b ratio 29 45
umoles/mg Chl (%)

MGDG 0.31 (26) 0.72 (25)
DGDG 041 (34) 0.82 (29)
Sulfolipid 011 (D 031 )
Phospholipid 0.37 (31) 0.98 (35)
Total polar lipid 120 (100) 2.33 (100)

MGDG, monogalactosyldiacylglycerol; DGDG, digalactos-
yldiacylglycerol.
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FEAEe AL 32, FRE2AEY AS 5584 o)E
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Fig. 1. Unstained polyacrylamide gel of Zea mays thyla-
koids from maize mesophyll(M) and bundle sheath(BS)
chloroplasts. Fifty pg of chlorophylls were loaded on each
well. CP1, P700-chlorophyll a-protein complex; LHCP-1,
oligomeric form of light-harvesting chlorophyll a/b-pro-
tein complex; LHCP-3, monomeric form of light-harves-
ting chlorophyll a/b-protein complex; FC, [ree chlorophy-
lls.

XIE e HIm. dEAZ FRAEEAE] =
Aol zFE Fo A2Le) kg wlmshd Table 134
2k ¢4 2 AE FEE JEF48] Hmgd ClEeE
v)male] B od&A) Lol 4 1.20 umole, 352 A F ol &
2.83 ymole 24 F-HEZ A FoA F7 viepwtch 0|8k 7
£ 7le oJul" o2 stroma lamella’} grana lamellak ok
A A kel wle] -2 oko] PE4g gulaE FgEe
AbAg wredgle Aoz AlgR(Murphy and Woodrow,
1983), B.2](Henry et al., 1983), whvll(Bednarz ¢t al., 1988)
5 A2E 3he] Fa® v} olch

A F AL zA4L F F3AH4 ZE MGDGe
DGDGe) B Az #=x)ale] 65~70%S = she] AgH
gl galzoj=ute] A4 (Harwood, 1980)2 B4 2vi(Table
1) A3 FelHE PGe ko] 71 w8 AR #3
Hqlo)h ey F 27 slely] AaAzAde] FElal Aol
vleh}=) gkgiel. MGDGSH DGDGE] e 4 4l °J=(MGDG
/DGDG ratio)2 w|mdled BH SA T -] 0.76, %
Sz A LA 0888 FAHEEA LA Ik =4 ‘4“3]"’}
=4 oje} re AL A|FH A ¢] v]S-0] grana lamel-
las4) o] &4 Jehdths ¥ 2(Murphy and Woodrow,
1983)e}= AFubEl Zloju} whul o] A% stroma lamellag-g
7+ mutant®] Y EH o4 AAF G2 wl&] o] wEe]
=t} ZilBednarz e al, 1988)2}E L =gt} o]2}
o At Az GRjAe] dajse| e FE AR
=] A o] odAghe. g]_;(] _‘j'\_ql.t,].% /}ﬂg A l:réli‘—a E 314

[= i B L B =]

Vol. 36, No. 1

Table 2. Comparison of fatty acid composition of total
lipids between maize mesophyll and bundle sheath thyla-
koid membranes. Values represent per cent in total li-
pids

Fatty acid Mesophyll Bundle sheath
16:0 119 13.8
16: 1t 4.8 -
16:2 1.7 1.0
16:3 2.8 18
18:0 33 15
18:1 16 1.1
18:2 8.3 175
18:3 64.9 63.3

Unsaturated/

saturated® 4.0 55

ratio

216 : 1t is included in saturated fatty acids.

& xEe| x|k —E—ﬁ'l AEAEe FREEALY
RAGE FHsk & AR A TRY 24
Table 24 el ‘311:]-. 24 2|8H41-2 palmitic acid(16 : 0),
linoleic acid(18 : 2), linolenic acid(18 : 3) 51912, hexa-
decadienoic acid(16 : 2), hexadecatrienoic acid(16 : 3),
stearic acid(18 : ), oleic acid(18 : 1) 5% A-8ke] =]
gk o =3 Aleld] 7iAk £ Aoz GHAZAAE
16 : 117} Aelako) =5tE o] ol whH LA L M=
vEhgR] skobele Aelr)h. il 18: 2% FREFRAZ
oA o F oul ke w2 HEER EERIHAch F 24
EF Exdlert =& 16:318:2 2l q 18:30) ¢F 80
%% AR5t FEA L AL FEAH] g 5L AL

a9tk Exahxubdal zsbauba(16: 1t 3D
wE-g vwste] Bl d5A 2ol 40, F-FE2A Lol A
558 Fa&fzAzelx o A vehgeiTable 2). ol+=
stroma lamella®] =44t B F 8 %7} grana lamellaRe} v
Fo}= Abd(Bednarz ef al, 1988)2 #rdsls Fojm A
whale] Ee Br izl @4 AL o] F4 F A
ko2 9lslo] stroma lamellay grana lamellaX o} ¢
=& F%AL YeldA dci(Ford and Barber, 1983).

Fe XED X|Fe| X|dkih 24, o= s
THeE Fo AAT A A 24 wms
fciTable 3). PG2) 7% 16:0] 743 wo] == o]
glglem deAEzE 16: LT ohek £sb oy =it
QRAEE 18120 93] 5 uf o) 4o 18:3¢ 2R

spEEAZAAE T Abe] wlesl et
Phosphatidylinositol(P) 9] 79 <k x| vi-¢ u]&s}
Axd| 18:30] oF 48%, 18:27} <k 27%EA T EE
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Table 3. Comparison of fatty acid composition of major phospholipid classes and sulfolipid between maize mesophyll
and bundle sheath thylakoid membranes. Values represent per cent in each lipid class

Patt . Phosphatidylglycerol Phosphatidylinositol Phosphatidylcholine + sulfolipid
Fatty aci
Mesophyll Bundle sheath Mesophyll Bundle sheath Mesophyll ~ Bundle sheath

16:0 45.9 64.4 145 16.1 36.8 487

16: 1t 26.0 1.6 - - - -

18:0 4.5 9.0 6.6 49 6.0 55

18:1 0.3 1.0 - - 1.3 0.6

18:2 6.8 10.8 277 27.2 45.7 317

18:3 16.4 12.6 484 43.2 83 10.2

Others 0.1 0.6 2.8 36 1.9 33
=% 29l Phosphatidylcholine(PC)+ =] 2] A Aubat Foll4] 16: 1t7F A=]shs #]E(26.0%)(Table 3)E
F2 Auhbe 16: 03 18: 224 8AZE 18:28, & *E PG P2 F4lskE 3 A 185%2A ol

FHEAZE 16: 05 22 o 50% A= T

F 77 Apolel A 7 FE#A o] HL HfEEA
Z2] PG A% 16:1t9] Fake] 54 Ze wls] of$-
vobe Aelt}h, AAE 16: 1ty A& fZAleqt et
e 553l Aubile 2a] BE 16: 1t PGell Zgkse]
9] Ao 2 oe)A glciDubacqg and Trémolieres, 1983).
PG 16:1t= LHCP-1¢ oligomers] e -F=|st =
7158 3= o A Aukiabez B uge] gich
Z Felell A o375 vl ¢slH LHCP-14] =34 16:1
te] A F=ko] monomerel LHCP-3¢f ®]&] bul] ==]i1
CP1e] ®l) 17wfv} 2o Zle 2 velygd(Trémolieres ef
al., 1981), &4 1<) 715 AHX Chlamydomonas sp.9
mutante] 4= LHCP-1e] A3 D#==R] &3 F4]e
PGe] 16: 1tx= Ag=o] glge]l BusgckMaroc et al.,
1987). =3} liposomesl|4]12] LHCP monomerZ3 ¥ oligo-
mer®2] AFAe] 16:1td] & ZFE Hi=lch
(Remy ef al., 1984; Krupa et al., 1992). 2213 =& )5
Secale ceveale®] 4ol 4] LHCP-19] 7149} Z2]of PG 16: 1
t= Zhase] o] xubate] sl JjgkAdzle] A7} Al
ot=l7|% sl Huner ef al, 1987; Krol ef al., 1988).
Sf=snel ] B4 12 FR EPEe] LHCP-10] A9 g
SREzATe] A$ PG 16:1t2] gae] o e 99}
Ze Hags s 2 Aget & 4 ook Fig 1,
Table 3). LHCP®] & A& glejA PG 16 : 1t2] A &3l
qato] A ol vka) A gl#] 2k} phospholipase
AE AE)Ete] PGEAE o] Alkalg AASEE o 4

o,
=

o i

24 G52 kinetics7} 7FslA odske ge ez
Bo} LHCPe} 7 1o dhg54as] FAAY s

wdals Zlez AdHgdcHTrémolieres et al., 1981).
T3 gGFHAxe defRelnuloa] & =] b4k
2|4 16:1t7} FA|3H= u]&4.8%)(Table 2)7} PGS

olz]d F 59.7%e) @§ltH(Table 1). ol= PG7} €&tz
olmute] o AAAMEYE HojiEu] AlgH e "epaol
=rte] 9l F PGS H]&o] 57.2~66.3%<] Z(Mudd,
1980)7} Y22 0] Anacystis nidulanse] Dtz o) =xte] &
A 2 PGe) v]E-o) 22%<1 Z(Murata and Nishita, 1987)
= wj Fabebct. PG gE2Ade Ae o AEA
ool Agkule] E3Ele] 9lvhMudd, 1980).

FraEaAZEAA PG 18:29] BlEe] F&HAZEdA K
t} &2 Zi(Table 3)2 stroma lamella7} grana lamellae]
Hle 18: 25 o] & ¥|E=E ZEsn glvie B4
A (Henry et al., 1983)¢} dz)skc} Z8lz PC+SL9
7% QLM FA 18:30] FREZA TN B} W
#(Table 3)& grana lamella®] #-=]Aa) 18 : 3o] HAFH
9JtR= AskMurphy and Woodrow, 1983)2 whedsl= 7
22 Heith

MGDG®} DGDGE! molecular species &4, Table
4o 4 leld ulel o] MGDGE) 7§ 18:318:30] %
22 25 80% o)A HHste] S BT A2
A& &al 18:3 A EDouce and Joyard, 1980)0& o+ 4=
elt} =gl of 7)) 18:3,18: 22 ¥5l= F molecular spe-
cies7t A& MGDGE 90%2 =k st MGDG2] o 59|
eukaryotic molecular species® FA =] gl&e] Fas
gk DGDGE A% 18:3,18:30] 71k we ko d
Fatglo] glgen Jnzly] fRELS 16:08 2835
molecular species® A Ho] elgled &2 DGDG
ol 4] 85% o)4e] 16:0¢] glycerol backbone®] 1 #]x]
o4 viehbe ADouce and Joyard, 1980)& zHek3t
DGDG 3 &) t)¥Io] eukaryotic molecular species®
A= gles & 7

o]el Zhe. Axl= stroma lamella®] MGDGol & eukary-

el =
BT

e
%
glck.

otic molecular species”} ¥l grana lamellast +=
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Table 4. Comparison of MGDG and DGDG major mole-
cular species between maize mesophyll and bundle
sheath thylakoid membranes. Values represent per cent
in each lipid class

Mesophyll

Molecular species? Bundle sheath
MGDG

18:316:3 74 8.0
18:3,18:3 82.2 81.2
18:2,16:2 2.6 4.7
18:3,18:2 7.8 6.2
DGDG

18:3,16:3 10.9 13.1
18:3,16:2+18:2,16:3 1.0 15
18:318:3 45.0 36.2
18:316:0 15.2 16.1
18:2,16:0 10.8 264
18:1,16: 0 171 6.7

MGDG, monogalactosyldiacylglycerol; DGDG, digalactosyl-
diacylglycerol. © Pairs of numbers separated by a comma do
not necessarily represent the positional distribution of fatty
acyl chains,

=

prokaryc "~ molecular species?} %8t} Norman 5
(1987)¢  d@= UA3R dsv) uhef T#g EEY
&po]7} Hpapod i eldtl® grapa lamellart 2
wElo] 9l 54 E9 MGDGE ¥4 v B2 okg] pro-
karyotic molecular species® ¥ §alof & Zeo|t} o]z]dlk
zpoli= olnlE Spirodelas) 7o) 18:3,16:37} 18:3,18: 3
4 MGDGE =5 @e] g3l 9l 16:3 A& E44)
AERE AlFA Y 2 d)el MRt vepdE A e 9l
o} ool Wi AFE W olA Barge] 9lR] sbod. whala
L=l 72 lamella®] F29 MGDGE] molecular spe-
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