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ABSTRACT

The biosynthesis of galactolipid and galactose and their composition of fatty acid in E. coli and
B. subtilis treated with copper chloride (10 ppm), nickel chloride (50 ppm), manganese chloride
(100 ppm) during the culture were analyzed.

The contents of MGDG, DGDG and total lipids in treatment with metal compounds were lower
to compared with the control.

In E. coli, the major fatty acid unitized for biosyntheis of MGDG were palimitic acid (ave. 36.87%)
and linolenic acid (ave. 14.79%) in control. In MGDG, the major fatty acids were utilized for palmitic
acid (ave. 20.00%) and myristic acid (ave.7.32%) in treatment with copper chloride, lauric acid
(ave. 11.71%) and linolenic acid (ave. 11.06%) in manganese chloride treatment. And in nickel
chioride treatment, it was palmitic acid (ave. 36.16%) and oleic acid (ave. 6.43%) were use in
MGDG formation. In DGDG, in copper chloride treatment, it was lauric acid (ave. 19.41%) and
oleic acid (ave. 9.95%) in hiosynthesis of galactolipid. and in treatment with nickel chloride linolenic
acid (ave. 15.39%) and linoleic acid (ave. 13.51%), in manganese chloride treatment palmitic acid
(ave. 29.76%) and palmitoleic acid (ave. 11.35%) were used in DGDG formation. In B. subtilis,
the major fatty acids utilized for biosynthesis of galactolipid was palmitic acid (ave. 30.86%) and
linolenic acid (ave. 8.36%) in control. Otherwise, in MGDG, the major fatty acids were utilized
for palmitic acid (ave. 28.92%) and stearic acid (ave. 13.25%) in treatment with copper chloride,
and palmitic acid (ave.15.73%) and lauric acid (ave. 11.88%) in manganese chloride treatment. It
was confirmed that nickel chloride treatment was palmitic acid (ave. 35.16%) and palmitoleic acid
(ave. 12.47%). The major fatty acids in DGDG were utilized for palmitic acid(ave.34.19%) and linoleic
acid (ave. 17.45%) in copper chloride treatment, and lauric acid (ave. 11.16%) and muyrisitic acid
(ave. 8.65%) in manganese chloride treatment.

In treatment with nickel chloride, it was palmitoleic acid (ave. 10.30%) and myristic acid (ave.
7.81%) were used galactolipid formation.
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FAE o] Fe] A T2 HEE dogozy
7168 E84EE 295 e 35S X 3s)
= o2 A sheg vjehdchY w3 F4
FEELE 8 FoX] o] Hel® Ea3td
Zialgae)el] d3-& ulH F Al 7]
EAE op7|AF ¥ ohzl HA AlEeMe 23
g olE & o] &Fo] Foso FiAdl =4
#¢] 484 Fr}. Manganese, copper, zinc, cobalt,
nickel - 27} fo] 5L JEAE A 2 746}"11 A
el A3 S 53 & kg of
71%kck? Copperiz o42]7h7] 49 AL %’;— %ﬂ
Al7)Edl BEA] €L FAAA oyt sl
dago] frtE7|% 3pRub miefe] EAE Afolx
Al dlAPbs-S As|A1ZekS Saccharomyces
cerevisiaeoll ] copperv (% #7|A WAE
$h38] Ak nickelE @ gh iR o|F
T8 wekATIw dEgo] FAago?

Manganeset= 52 Z3oldA] WHEE cellu-
lase #4& A A7 copper®rt o gk A3
2H8-g Jeb i)™ =3k manganese®} nickelS vi-
cia faba $-2}9] AR o] g doA B9
v gl EAE A2k Nickelo] $174 el
v)gk FrEE Aniaked srade 2§ dogn
Hotg Fubslvd, cobalt, cadmium3} o] Fofg
of7|A|7i7]% k"2 Chlorella vulgaris7} cop-
perd] WAE vehle 5 G5 #FgEdd e
FAAN At &L T_:Lé?- shgEe S e
W71% sk lagAZlel AlE zZ7)7) Fobsa, A
Xpo) gbagl ez o] Aa= k™ 1977). Or-
nitine §49 vlx|g} M E ZHelste= &2 ace-
tylornithinase®] #&41-2 calcium, magnesium, man-
ganese, iron, copper, zinc, nickel Sl 23] Qo]
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AL &%, A A4, FEA 9 A7
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"’“—C’- FHA 8o ofsjx] ¥ ohE} dF 4
o, &%, 7|e} oj¥zbA 2Hol| osiME A=,
7 olxloll &t A% Chlorella vulgaris®) AH}ire-
7o} 23} xub4ks} monoenoic acidslh whal, =

ol 4 4-83 74 AW polyunsaturated
acids7} w2 FAARACH? G2 FA s A
HHAFES 1 ARl TR o)F el We) ®
=] glo]l EE3tT It v w2 o] HAolrh
o9} o] oz Aol BF I WL x| A9 FHol
wpeta] JEA 9F LAl 4] 77t o] Fojx]= o
2 oled oM cix)ale] J1E FAo] =i dia-
cylglycerol *+= phosphatidic acid®] ¥4 A2l
wheba] 78 Al =) &(glycerol backbone?] 2¥ 9
Aol ¢-18 A|HHHE ) A A F=]A(glycerol
backbone®] 2¥l #|zof| c-16 A WpARS EFHE o}
‘rojzlch 3A D3] £¥ 3} 9k$-2 phospha-
tidylcholine(PC)2] e} = oleic acid (18: 1) 23 €

linoleic acid (18:2)7} A=+ IR]e|vf o] whg
o+ NADHE HAZHFUoz 3= 4£EH g

cytochrome bs-cytochrome bs reductase system ©]
Batoish= Aog walA ok JEH o4 1
718 F4e] gAEE ANy Gy As A
R upakel B-E3FE-2 stearic acid (18:0)ZFH
Oleic acid (18: 1)22] ¥h-g-2 acyl carrier protein
(ACP)# Agst e =, 282 oleic acid (18:1)
24-€] linoleic acid (18:2)& 71A linolenic acid
(18 : 3)& 2] ¥k-2-} palmitic acid (16 : 0)Z%-E] he-
xadecatrienoic acid (16 : 3)7}2] 9] ¥-2-& 2] 1}
A AdulE BEst 5o g wbAo] =4
DHO‘” /(,1 o'v?_o.i Z‘JE}'Z324,25)

ol9} o] Aeria] &Y xzle] AT A
Aol A= g Bk 9 S 5}?{} o] ofejr}A] HE
thatel] W) cdgkel] W Hiue Weol glon
w4 g o’k A AEe A A3t
o] & 1A%k galactose} A ubal 2A] wstol] gk
Bie dgdch

2 d7e 213 A o] & FA K= galac-
toseo} AupAbe] A Z §eF WHalo v]HE ol
74 S5 #3EEe dES dxTe) nlu 2443
st

II. 5 Y gHy

1. E. coli W B. subtilis v 2t

Escherichia coli (ATCC 25922)2} Bacillus subtilis
(ATCC 5533)& oJel7}#] &% 3H§18-& A2’ nu-
trient broth o] wloFsleic).

2 AYe A8 F4 33E-2 copper chloride
(CuCl,-2H,0), nickel chloride (NiCl,-6H:0), man-
ganese chloride (MnCl,-4H,0)et}. oju] ¥ A}
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dolzl E. coli®) AAAs] FE9 copper chloride
50 ppm, manganese chloride 100 ppm, nickel chlo-
ride 100 ppm3} B. subtilis2} A A& 53] cop-
per chloride 10 ppm manganese chloride 100 ppm,
nickel chloride 50 ppm< nutrient brothel #7}&
& gAeke] NEES AEsle] 37CAA 24417 Al
etal <130 rpm)3tsdch.

wWof 7]z Fake] AlE AAE Axwe=
shqick.

A

e

2. Total lipid F&&

wjok7) 7k Fab A5 5-8t5te] Bligh®} Dyer™ <]
wjo g Ao giEe] s total lipidE F&
3lodct.

s3tg] A 2Z wlidk F, chloroform : methanol
(1:2V/V)EFE0S 7isle] 2edt ofg %9
Z55E AHrlsle] 8 whAste] AR

221" chlorofrom %-& Whatmann No. 1 filter
papero] 1#}A)A total lipidE F-&3bsich

JololE methanolZl| chloroform% 7}shed
g7 F 22}= chloroform & £ o]} x]oj]
oA A total lipidE 5% skeirk
o5 Z&EL 40~50C dry overolA] HEA]A

s FAsA

3. gxjalel g2l &3

Z2% total lipidel E°1%J+ monogalactosyl-
diacylglycerolMGDG)#} digalactosyldiacylglycerol
(DGDG)+= Thin layer chromatography(TLC, De-
sage)E o|-&3te] Fejspadch

TLC glass plate (20X 20 cm)el| silica gel (Merck,
60G)% 025 mm FAR 3 Aol A F
110C2) dry ovenoll4] 60%%t ZAsA]A AH4-3)
Ak

32 2al: Chapman}t Barber®™¢] ol
ote} two-one dimension method2 <8§3}oiom,
2} A7)} %=} 2 chloroform : methanol : water(65 :
25:4, v/v), 23 AN Huj&+= chloroform : ace-
ton : methano! : aceticacid : water(100 :40:20: 20 :
10; v/v)2] &% &uiE o]-&sikdch

Total lipid& /43t F2ld FA LSS ATH
(Sigma)z} w®lw FAIgon, WY Aefews
MGDG#} DGDG 2.5 1-naphthol reagent& A}-§
ahgdch?

4., X220l methyl ester®}

y-2lgl 7hrhe] wx A Pk Ahakel 24
1wl okd W3}E Gas chromatography(GC, Varian
star CX 3400)% #-415}7] $}8}to] Allens} Good* 9]
kol ¢]ste] MGDG, DGDGE methyl esterss}
Al Rt

TLC plateel]*] ¥e]& @23l methanol : sul-
phuric acid : benzene(100:5:5; V/V)2] transes-
terification mixture 4 m/9} standard<] heptadeca-
noic acid(Sigma)S #7}sled 70T dry ovenel 60
270 w5 wztsle] 5mie FHTE 93
sesigich o3 7)ol 2mi9] hexaned ¥ s

elgl & H2)% hexane®S F3lglsdl, o] £

219 hexane2 & AEAA 7 B9 fatty
acid methyl esters®] &g ZA3ch®

)

5. Galactose2| #ks4

7} gx|aAe FASH= galactose TS GCE
o]&-sfo} H-413tqlc). Galactose® FAHL EEF
(Sigma)a} wlarste] AABk] o, AR GC de-
tector= FIDH,-flame ionization detectors A}-8-3}
gjon A£3} columne MEGABORE DB-FFAP
15 mo.2 FFAP 530 um IGS 442 shick 3
Al Z7AL A B zzs EdshA sdck

6. X|gkitol =M BN

7t FAAE FA s AWAEEe] TR d9e
GCE ol&3ted FEA st}

7} A upake] %A lauric acid (12 :0), myristic
acid (14 : 0), palmitic acid (16 : 0), palmitoleic acid
(16 : 1), stearic acid (18 : 0), oleic acid(18 : 1), lino-
leic acid (18:2), linolenic acid (18:3)¢] ZF¥
(sigma)3} wlazsled AAspsich

A}2% GC detector= FIDH.-flame ionization
detector® Apg-3belor, 4143 columne MEGA-
BORE DB-FFAP 15m=2.& FFAP 530 ym IGE
AA 2 slglend 27E vh

Injection port temperature  200T

Column temperature 180T

Detector oven temperature  250C

Carrier gas N, (30 m{/min)

. o}

1. E. coli W B. subtilis ME2| MZ
4313129l copper chloride, manganese chlo-
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Fig. 1. Effects of various metal compounds on the
growth of E. coli and B. subtilis during the
cultivation.
® Control, O Copper chloride, o Manganese
chloride, m Nickel chloride.

ride, nickel chloride7} % z}zte] wiA)olA wj
kgl E. coli®} B. subtilis®] A AL Fig. 1ol
FA 3 )

Fig. 1ol jiebt wie} zbo] djzFo wis] g%
FE-S g ATl e A o] v
Epydeh

= w77t St E coliol 4] copper chloride
Al gzl vle] Ha 26.35% A A E
B9lem manganese chloride 2]+ #H+ 3.33
%] M AFH}E JebHlc). nickel chloride =&
TFoll A= H 65.08%2] B AAE Bdok B osu-
btiliso| A1 copper chloride X2]7-& 58.26%2 #
| E3-Z Jebfglom, manganese chloride 2]
TFoll A1 B 21.57%2} nickel chloride A&l ol A
HE 11.76% 9 g S 2Tt ole) 7
L AN AF AXY] A M A= E
colio)| & nickel chloride”} fF213}A] =830
o, B. subtilist= copper chloride$] & & 37} 713
A Yeldh

2. Total lipid &2 w3}

w5 A¢EE A il E. colie}t B. sub-
tilis 9] total lipid ¥=F W3h= Fig. 2 ®A]8hsdc)

w4 EE AR wiAlelA wioksl AE
total lipid k2 E. colie 2o w8 copper

S omublilin

Amounts of total lipids (uy/100ml}

1 L "
0 8 16 24
Duration of culture (hrs)

Fig. 2. Changes in contents of total lipids in E. coli
and B. subtilis treated with various metal
compounds during the cultivation.
® Control, © Copper chloride, o Manganese
chloride, m Nickel chloride.

chloride *el<= % 45.17%, manganese chlo-
ride e+ 7 20.10%, nickel chloride #]2]
T B 65.01% FAE Jepgich ol el A
total lipid®] ¥afe] wiek w7|712] Al Frished
B]8}l] copper chloride #1272} manganese chlo-
ride *{2], nickel chloride 2]+ wjoF &9}
wl e} Z7]1744] total lipide] defe] A4 Zr)slvirt
ek wrjel] Fed As)lazs Jehde] copper
chloride #]2]-7 39.06%, manganese chloride # 2]
T 53.12%, nickel chloride X2 20.87%2] 74g
vellsiet. 849 B, subtilisv W2l B3 cop-
per chloride A2]7+ i 55.85%, manganese
chloride *je]-f-ol|lA] H 34.04%, nickel chloride
2]l Al 20.21%9) 7HAE e} =3, cop-
pder chloride®] total lipid ¥ th=79 total
lipid §eko] A& Frlshed wlsle] wjof zHc}
wWof wrjoll Al 7has]o] wjf wridle ol
vldl 76.16%2 FEE AMd axE ehligich
Manganese chloride Ag]7= wlf Zol o} F
83 Ae]to] vla A ArE Faiglon)
& F7leb ok wr)of Al Frlste] wiok Br)dl =
nickel chloride *j&]-7-2} »]3t Faf-g epliglch
o)9} 7ro| E. colis} B. subtilis A Eo)A] wljof 7|
7bE-<k total lipid®] §redo| &< 3pghEol o}
g 50% o]kl F& oA EHE vehde] #
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Fig. 3. Changes in contents of total fatty acid methyl
esters in E. coli and B. subtilis treated with
various metal compounds during the cultiva-
tion.

@ Control, O Copper chloride, o Manganese
chloride m Nickel chloride.

2.

3. Total fatty acid methyl esters®| 2% w3}

7 28] 7 total fatty acid methyl esters®] &gk
W5 Fig. 30 FA|sheich

Fig. 3ol #7151 ule} zbo) E coli2] copper chlo-
ride Az|Foll4 4 46.09%¢} manganese chlo-
ride Me|FolH He 47.19%9 H]=3 H&&
eligl 3, nickel chloride M|t B4 7.81%<]
A E Jehhgdch

Nickel chloride 2]} copper chloride #]€]
T WHET2 total fatty acid methyl esters®] &
ol wiok F71eb wiok wrlel AL Faw ey
vlsted A& Z7)3l9) v manganese chloride %
2]7-2} copper chloride #2}T% w9k F7)0) total
fatty acid methyl esters?] §efo] 48.84%, 51.16%
= oubeh vl RS e SITh B subtilisol A
copper chloride *2]7-= 4 62.50%, manganese
chloride X+ HF 25.00%2] s 7m7}E vie}
W3, nickel chloride A7 o4 33.89%2)
748 el ¢l =9, manganese chloride #87&
ek Zofl dhzmol ulsh 4643%9) 7S ey
Aot ek F71o) wlof ub)of A& Zrbsled wiok
Wl a7 wigt ke viebl g} Cop-
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Fig. 4. Changes in contents of MGDG in E. coli and
B. subtilis treated with various metal com-
pounds during the cultivation.

@® Control, O Copper chloride, o Mnaganese
chloride ® Nickel chloride.

per chloride 2] wjof 2ol uls] wiok F7]9}
vk 2ol total fattry acid methyl esters®] 3
go] A% Z7}sl= uba, nickel chloride 8]+
A4 FAsle] vk w7le)+&= nickel chloride &)
T2} copper chloride *2]7-o)| 4] 46.15%, 53.85%2]
vl=gk AaE Velggdo

%, E. coli+= nickel chloride, B. subtilisol =
copper chloride”} thE *2]dl n]s] F-81a < 4)
g el

4. gX1Ee s vz}

7y Aejd 271A) RiAle] ek M 3tE Fig 4,
50l 7tz ZAlskde). Fig. 4, 5ol viehd nie} 7o)
7ol A4 geke B, E colio] 4] MGDG2)
greke total lipid & 12.92%, DGDGE= 36.75% &)
TrElo] Q1AL B subtilis ) &7 A= total lipid &
MGDG*9] &ske 2054%. DGDGS) &2k2- 35.88%
Faso] gy Ao Jehd E colist B subtilis
B gaTe G AFE DGDGe] ko] ©j e
ez vepyich F433HE) g 7t G s
=F st oga o)

Fig. 4ol 4 Xz uie} 7re] MGDGE o 2ol A
4691% Z713teli, w717t ok W E Tl vls)
E. colio)| A copper chloride # 2] 54.26%, man-
ganese chloride *&]7+%= 36.32%9 7+48 Jehy
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Fig. 5. Changes in contents of DGDG in E. coli and
B. subtilis with various metal compounds dur-
ing the cultivation.
® Control, ©) Copper chloride, oA Manganese
chloride, m Nickel chloride.

%13, nickel chloride A&7+ 68.70% %t
s &35 ehlglc). Manganese chloride 212
T weF ol vlsl] wioF Fr)9f wjek Lol A%
st a7 G vy Fug ey
213L, nickel chloride #*]2]7-2} copper chloride #
2] ok Zoll thE el w)s] 80.95%, 85.71%2]
FHR e A9E el ot nickel chloride
Aelgte ek F71eb wlok wrlo) A FolEte
vl of al7]ol manganese chloride #)g]-7-¢} v]=3h
3ek-g ¥eo] 393, copper chloride ]+ vk
%719] #*§ ZF7}E Ho] manganese chloride
Me]g-o} wieF Frio wisgt ks Jepidch
B. subtilise| M+ 32T A 76.95% Z7)8hed o,
=74l ¥]3) copper chloride *]&|7-olj2] 34.06%,
manganese chloride *2]-7oll4] 28.30%% A&
eb 913, nickel chloride A E}7& 6.79%2] #
& ax-2 pehgich. Copper chloride A2
manganese chloride *a7& wjek F7)2b wi<k
7)o Al Z7}3ted copper chloride A#F+
“ﬂ°o" 27]el nickel chloride &7t} w3} &=F
& el ¢l 2, manganese chloride Agl7+& th®
%2} vl=%h g8 dehliglch. Nickel chloride
2]tz v ok Zoll wlsted wl ok F71 9}k vk Hrle
A& Fraste] wiek wr)ole 30.70%9] #HAE
elfigivy. MGDGell ti§t copper chloride, man-

ganese chloride®} nickel chloride2] A4 A&
B. subtilis¥c} E. colidl A ©] A vjelytch

DGDG== Fig. 5942} o] E coliel| 4 Rz
7761% k7| 7b%eF T ul8l copper chlo-
ride *&]7-= 26.95%, manganese chloride #]2|F
£ 5.86%%9 7t4E tel9lar, nickel chloride
2l 3437%8 AH#:axs vlehdich Man-
ganese chloride |7+ Wik Zol w3 M 3
7)o} wiek ool A4 7tAasked e, nickel chlo-
ride *12]%2} copper chloride 2] 7% v} Zof
& F535HEof vl 55.01%, 54.69%2) SFeElF
A A4S veldigl ot s Fl9) vioF goll
A% Z7)sled wlok 2r]e] manganese chloride
#}2] -2} copper chloride # 2] nickel chloride
Hel7-2] DGDGE vt 82 ehigick B
subtilisel M+ 27+ 70.22% Z7}13k$]L, copper
chloride X2]Fell4 51.73%2 &A% A3 vje}
W r, manganese chloride *g]7-ol4 18.27%9]
A5 el gl 2, nickel chloride #2]4& 19.33
%2 A AHE Jehddch hxTe DGDG &
o] wiek Sl wisted wioF wrle] Fhish=u)
vl &}e] copper chloride 212]7¢} nickel chloride
A= wiek @) A% Frbstdch Nickel
chloride 2|t Wi} Zof wiste] wick F7]e}
Wik 7)ol ZHaisldck o9} o] DGDGE Fig.
9, 1094 ¢} zFo] ik 7)7Hg<t thmTol ulal E.
coli(H 3867%)7F B. subtilis(37 30.68%)E.c}h
AA &N} A2A el

5. gX|Al2| galactose ElEF H13}

7t Agled gAde]  galactose FEPHINe
Table 1, 2ol Z}z} E A3}k E. colioll 4] MGDG2]
galactose 2o R0l A 63.09%2] F71E B
iz, w7 7hsr 2T vlsl copper chloride
28]t 24.03%2] A EE el ¢l T, manga-
nese choride 2]l A] 45.92%%} nickel chloride
Aol A 40.77%2] H2E ehlel, E coliolA
A Aol E 3o}l galactose?] ¥=-2 manga-
nese chloride 2Tl & A4 A5 ey
st

&, B subtilisoll A= 2Tl A 63.13% &7}
&}od 51, o z7-ol] u]sl copper *aToll A 45.55%92]
sl &35 el T manganese chloride #2]
F-ol| 4] 31.85%%} nickel chloride 2] 70l 4] 32.22%%2]
A8 e, B. subtilisol| A A Aol E3}HE] o]
%l galactose] §sF2 copper chloride 2ol
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Table 1. Changes in contents of glactose in MGDG and DGDG in Escherichia coli treated with various metal

compounds during the cultivation

Duration of ‘
12 24
culture (hrs.) FO ? ;
Treatment Cont | Cont CuCl, MnCl, NiCl| Cont CuCl, MnClL, NiCl| Cont CuCl, MnCl, NiCl,
Galactose
MGDG 0.05 +0.75 050 030 053 080 060 039 050| 078 067 057 035
I | -
DGDG Lo.oz (13 150 075 o062 150 120 130 045 225 125 180 080

(NOTE) Unit: pg, Cont.. Control, MGDG: Monogalactosyldiacylglycerol, DGDG: Digalactosyldiacylglycerol.

Table 2. Changes in contents of galactose in MGDG and DGDG in Bacillus subtilis treated with various metal

compounds during the cultivation

Duration of

culture (hrs.) 0 9 12 24

Treatment Cont | Cont CuCl, MnCl, NiCl| Cont CuCl, MnCl, NiCly| Cont CuCl, MnCl, NiCl,
Galactose

MGDG 003 | L00 050 057 075 105 062 065 063 087 047 077 057
DGDG 015 | 450 200 301 415 502 215 451 245 610 195 422 239

{NOTE> Unit: pg, Cont.: Control, MGDG: Monogalactosyldiacylglycerol, DGDG: Digalactosyldiacylglycerol.

A 2 A ENE Jehlsicl gk, DGDG# galac-
tose %A FHE ¥ E colid A ) E2T= 6541%
Z7}slgd 2., copper chloride 2|+ 17.03%2]
A8 &35 el ¢l R, manganese chloride #)2]
Toll e 23.76%9] FrAg-g Bod 9.0, nickel
chloride g7l & 62.97%2] %2 A& vje}
Wl E coliol A Aol &i% galactosed] ¥

< nickel chloride 2] el &3] )= 7
o2 F-A =t B, subtilisol) A= o 270l A 42.75%
%7}t 2, copper chloride 2]l 4] 60.93%<]
AN ENE ebdio] 17.03%S) M|l Es vepd
E. colis$t £ ztolE o copper chloride 2+
oA Mz ohE A AAE el %1, manganese
chloride 2]FolA= 23.76%¢] 7442E Yo E
coli®] 23.76%%}+ wl=¥ A& HA4E pehydch
Nickel chloride 2] & 4248%2] A&
efle], B. subtilisol| A w=| Ao} 3% galactose?]
g2 copper chloride He]Tol A #=3] 2|5
sich

6. XA KXWt =M H3
E. coli®} B. subtilis®] #}A el 4] MGDG, DGDG
PA ol ol &= Ak lauric acid (12 : 0), my-

ristic acid (14 : 0), palmitic acid (16 : 0), palmitoeic
acid (16 : 1), stearic acid(18 : 0), oleic acid (18:1),
linoleic acid (18:2), linolenic acid (18:3)¢] =4
Hahs FAslksdoh

=45 34 A=Eag o 74 A" Akl
H 3= Table 39| 4] Table 67}2 Jebfgit). Table
3o A 67FR] oA vlehdis upe} o] 2 x 7€
#7ole} slrinte Ay&A|7|e} MR T35
THol oep GzjAde FAske Aubake] &4l
wishyl qle Aes FAEgch

MGDGE FAske Aupate] 2AH3t= Table
35} 40l A vlehd upe) 7o) E. colig] A izt
v oF 94]) 7ol = linolenic acid 23.07%<} oleic acid
15.14%5 ol-4-3ldx, ik 2447kl palmitic
acid 30.88%%} limolenic acid 15.03%%- A}8-3})
o, uleF 24417 ol = myristic acid 33.07%9} pal-
mitoleic acid 10.6%2] °l-&-&& tehiigic)

Copper chloride A7+ E. coli®] 7% whek
9] 7}l palmitic acid”} 17.28%, lauric acid 6.77%,
122} 7}el| palmitic acid 20.34%, linoleic acid 6.98%,
244 7}ol| palmitic acid 22.37%, linolenic acid 9.39%7}
o]8-%]gic}l. Manganese chloride 8] E. cols
vl oF 9] 7kel] palmitic acid 44.28%, palmitoleic acid
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Table 3. Changes in contentsof fatty acid methyl esters of MGDG in Escherichia coli treated with various
metal compounds during the cultivation

Duration of
culture (hrs.) 0 9 12 24
Lreatment | (¢ | Cont CuCl, MnCl, NiCl, | Cont CuCly MnCl, NiCly | Cont CuCl, MnCl NiCly
Fatty acid 1
Lauric acid (12:0)] 19.96 - 13.74 305 1684 -— 271 1248 184 1406 386 1961 ~—
Myristic acid (14:0)| 4.73 24 6.52 228 022! 456 1160 867 338| 001 384 036 178
Palmitic acid (16 : 0) 29.28 | 1357 17.28 44.28 31.67| 30.88 20.34 3434 3329 3752 2237 2143 4351
Palmitoleic acid (16:1) - 070 1290 - 10.74 412 45 - 731 693 202 -
Stearic acid (18 :0)| 8.69 837 739 319 10.70] 899 134 1761 167| 452 042 017 -
Oleic acid (18:1) - 1514 959 171 879 - 6.82 1.6 507| 968 913 152 542
Linoleic acid (18 :2) 13.09 - 191 160 076, 093 1871 279 — = 001 031 018 8.06
Linolenic acid (18 : 3) 17.23 ‘\ 2307 986 1017 -— 1503 451 348 1903 389 1379 1953 10.02
Unknown 702 3745 3301 2082 31.02| 2887 29.85 1453 3572| 2300 3935 3518 31.21
Total 100.00 |100.00 100.00 100.00 100.00 [100.00 100.00 100.00 100.00 [100.00 100.00 100.00 100.00
(NOTE) Unit: %, Cont.: Control, MGDG: Monogalactosyldiacylglycerol.
Table 4. Changes in contents of fatty acid methyl esters of MGDG in Bacillus subtilis treated with various
metal compounds during the cultivation
. )
Duration of
culture (hrs.) 0 9 12 %
Treatment | & | Cont CuCl MnCl, NiCl | Cont CuCl, MnCl, NiCh | Cont CuCl; MnCly NiCl
Fatty acid
Lauric acid (12:0)| 0.57 032 1342 431 - 1181 — 3132 1214 2001 - - -
Myristic acid(14:0)| 508 | 1124 516 728 304 342 566 055 352 034 336 1412 058
Palmitic acid (16 : 0) 21.32 | 34.17 29.03 1598 2521] 19.87 23.10 2511 3856| 1006 3464 611 4171
Palmitoleic acid(16:1) 12.36 443 - - 17341 470 1951 016 — 375 - 2438 2008
Stearic acid (18 : 0)) 3.97 6.87 1046 — 058 614 940 149 256| 001 1988 053 791
Oleic acid (18: 1) - 0.03 2351 861 249 649 4.29 - - 5.53 157 341
Linoleic acid (18 :2) 10.12 — 703 773 287| 1417 — 059 511 - - 424 —
Linolenic acid (18:3) 14.76 | 1185 115 611 736| -— - 741 — 20.81 852 1283 —
Unknown 3582 | 31.09 3375 3508 3499 3740 3584 29.08 36.11| 33.01 2807 36.16 26.31
Total 100.00 |100.00 100.00 100.00 100.00|100.00 100.00 100.00 100.00 [100.00 100.00 100.00 100.00

{NOTE) Unit: %, Cont.: Control, MGDG: Monogalactosyldiacylglycerol.

12.90%, 12+ 7}el| palmitic acid 34.34%, stearic acid
17.61%, 244]7}el palmitic acid 21.43%, linolenic
acid 19.53%2} o]&-&& el Nickel chloride
el E. colioll wje} 9417)ol| palmitic acid
31.67%, lauric acid 16.84%, vl 1247}l palmitic
acid ¢} linolenic acid?} 33.29%2} 19.03%, wj<F
24212ro)  palmitic acid 43.51%2} linoleic acid
8.06%7} 2 o}4-% zuhile| it

2, B. subtilis W27 vloF 9417k palmitic
acid®} myristic acid7} Z+zt 34.17%<} 11.24% o]

£-5lgjow, wok 124) 7 ol = Palmitic acid$} lauric
acid’} 77t 19.87%%} 11.81%, wl%F 2447t
palmitic acid®} linolenic acid”} Z}2+ 25.83%<}
1041%7F =i=<%ct. Copper chloride 2|4+
vl &k 9A) 7}el| palmitic acid 29.03%, lauric acid 4.47%,
122)7}oll palmitic acid 23.10%, palmitoleic acid 6.
50%, 24*]7}ell palmitic acid 34.64%, stearic acid
13.25%9} ©]8-8§-& vtelgic}. Manganese chlo-
ride * &+ W%k 947} oleic acid 23.51%%}t
palmitic acid 15.98%, 124]7}ol| lauric acid 31.32%,
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Talbe 5. Changes in contents of fatty acid methyl esters of DGDG in Escherichia coli treated with various
metal compounds during the cultivation

Duration of
12 24
culture (hrs.) 0 9
Ireatment | o | Cont CuCl, MnCl, NiCl | Cont CuCls MnCl, NiCl, | Cont CuCl, MnCl, NiCl
Fatty acid
Lauric acid (12:0)| 1158 | — 2801 022 — | 1062 1145 1771 — | 032 1876 - 1525
Myristic acid (14:0)| 065 | 065 708 1105 311| 066 569 640 269 1251 002 159 033
Palmitic acid (16 : 0f 3258 | 3503 1396 3349 2628 4349 3059 2524 1467 | 2409 836 3055 2537
Palmitoleic aqd(16:1) 195| 613 045 1670 912| 638 008 138 265 354 1022 1597 013
Stearic acid (18:0)| 1895 | 062 213 738 123 092 361 005 021 775 008 -  —
Oleic acid (18:1) | 009 | — 362 009 — | 231 991 032 1498 328 1632 419 —
Linoleic acid (18:2) 439 | 063 009 —  1231] 131 564 —  1361] 1029 012 2150 14.62
Linolenic acid(18:3| 304 | 2617 1985 -  2007| 1406 006 2203 1536 1576 1102 — 1074
Unknown 2677 | 3077 2481 3107 2788 2035 3207 2687 3583 | 2246 3504 2611 3356
Total 10000 |100.00 100.00 100.00 100.00|100.00 100.00 100.00 100.00 |100.00 10000 100.00 100.00

{NOTE) Unit: %, Cont.: Control, MGDG: Monogalactosyldiacylglycerol.

Table 6. Changes in contents of fatty acid methyl esters of DGDG in Basillus subtilis treated with various
metal compounds during the cultivation

Duration of .
culture (hrs.) 0 9 12 24
t .
Ireatment | ¢ | Cont CuCl, MnCl, NiCl | Cont CuCl, MnCl, NiCl, | Cont CuCl, MnCl, NiCl,
Fatty acid
Lauric acid (12:0){ 173 | — 571 1183 1575 1013 1139 213 392| —  — 1951 2730
Myristic acid (14:0)| 10.16 | 164 809 898 291, 568 397 877 1555| 502 137 821 496
Palmitic acid (16: 0) 3347 | 4925 2026 30.09 4299| 3908 4401 1935 2798 2336 3829 1554 2101
Palmitoleic acid (16:1) 18.40 | 12.35 2703 029 1901] 402 - 002 961 — 456 - 299
Stearic acid (18:0)| 019 | 1524 ~— 1848 1097| 063 ~— 691 345 — 203 — 450
Oleic acid (18:1) | - - 016 - 576 612 — - 382! 1501 — 1109 -
Linoleic acid (18:2) 099 | 684 2569 48 — | 1239 692 -  — | — 1974 891 -
Linolenic acid (18:3) 124 | — 1599 2503 — | 612 1841 2369 2527| 2051 978 2367 22.56
Unknown 3382 | 1468 293 045 261| 1583 1530 39.13 1040| 3610 3423 1307 1738
Total 100.00 {10000 100.00 100.00 100.00 |100.00 100.00 100.00 100.00 |100.00 100.00 100.00 100.00

(NOTE> Unit: %, Cont.: Control, MGDG: Monogalactosyldiacylglycerol.

palmitic acid 25.11%, 247}l palmitoleic acid 24.
38%, myristic acid 14.12%2 332 QA F&

F2 o]&5 whd, B subtilisol| A=

T2 o]&H At

=3 E

coli®} B.

stearic acid”}
subtilis 2}

AH4-3lg1 2, nickel chloride 22} palmitic
acid®} palmitoleic acid7} s 9x|7}ell 25.12%%}
17.34%, 12A1%}ell+= palmitic acid®} lauric acid7}
7}z 38.56%F 12.14%, 24417}e|& palmitic acid
41.71%%} palmitoleic acid 20.08%7} == %o E.
coli®} B. subtilis =T+ FEHoZ palmitic
acid®} linolenic acid”} @eo] ©]-8¥gii, copper
chloride A =]l M= E. coliolj A4 myristic acid7}

MGDGE= FE3 o2 A¥l4l F palmitic acid®} lin-
olenic acid®] o]&-8o] itk Table 5, 604
DGDG #4del #oigt 2 Auhile] 43 T8
E 7 9ok

E. coli a2 7% palmitic acid®} linolenic
acid7} 7+z}h vl eF 92)7bel] 35.03%9} 26.17%, 122)
Z}oll palmitic acid$} lauric acid”} 43.49%<} 10.62%,
24217}l palmitoleic acid¢} myristic acid”} 12.94%%}
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11.28% *+2-5)9it}. Copper chloride 2] W] ok
92) 7}l lauric acid 28.01% £} linolenic acid 19.85%,
12A] Zbel] palmitic acid 30.59%, lauric acid 11.45%,
24217} lauric acid 18.76%, oleic acid 16.32%7}
o] £-5)9]31, Manganese chloride #2]7+ ik 9
A)7¥oll 33.49%, plamitoleic acid 16.70%, 124] 7kl
palmtic acid 25.24%, lauric acid 17.71%, 24 A} 3kl
palmitic acid 30.55%, linoleic acid 21.59%7} o] &
#¢elr}. Nickel chloride 2|5 palmitic acid
2628%2} linoleic acid 12.31%7} wHek 9A] 7}l
linolenic acid 15.36%2} oleic acid 14.98%7} 124
7¥el|, palmitic acid 25.37%%} lauric acid 15.25%7}
24417kl =i=lgde). &, B osubtilis tET
vl oF 94)7kel] palmitic acid}l stearin acid7} 7tz
49.25%32} 15.24%, 122]7}ell palmitic acid 39.08%<}
linoleic acid 12.39%, 24 ] 7}ell+= palmitic acid<}
linolenic acid?} 23.38%¢} 14.55%2 F8 T4
z|upabe 2 FabE i)

Copper chloride *2}-7+ vl ek 9417 el palmito-
leic acid 27.03%, linoleic acid 25.69%, 124]7}el
palmitic acid 44.01%, lauric acid 11.39%, 24*] 7+l
palmitic acid 38.29%, oleic acid 15.01%2 ZA}= o]
B. subitils®] DGDG 4 3-4el palmitoleic acid7}
F3 o)8¥¢]al, manganese chloride X7+
stearic acid9} lauric acid7} zHzb ek 9A] 7kl
1848%2} 11.83%, 124]7}ell palmitic acid®} myristic
acid’} 19.35%<} 8.77%, 24A)7toll+ lauric acid
19.51%, oleic acid 11.09%7} o}&=lt} Nickel
chloride *2}%¢] 73-¢ palmitic acid 42.99%%} pal-
mitoleic acid 19.01%7} vk 94] 7tel], palmitic acid
27.98%2} myristic acid 25.27%, lauric acid 27.30%%}
linolenic acid 22.56%7} 241 7kell £} 5] E. coli®}
B. sublilis W32 DGDGE FEHoz A ukit
Z palmitic acid®] o] &8°] ¥z, E coli HZE
ol 4 linolenic acid”} B2 ©]4-8& B4l ulsl
B. subtilis ) Z7-= linoleic acid®] °]&&°] ¥t
t}. E. colis} B. subtilis® DGDG A gAAlel= E.
coli= linolenic acid®& 2 AR&-3F ubd, B, sub-
tilist ole] #|uhake] o] f-Fo] mEA vjebuty,
manganese chloride AglFel4& E  coliclAl
lauric acid, B. subtilisol| 4] myristic acid®] o]-&-&o]

F7hakaleh.
v. = &

Manganese:= 1073 M&] XA 5% o]Ae] ¥

o] & oyl MERY F7)9 AEE 5,
107°M o4 FEoxMe AE HSPAF7} et
v} DNA §48 whalstar g4 o4& Ao
t}? Copper: &4 "=} HdAo] Heddhe
plastocyanine®] 74 A¥-oln, L5 H-¢ 9454
g4 A qlsto] AEAd s ko] et
% woigk Sxe nY g #4717
g8 Asfste] A [ AL 45 A3,
2| de] #akshE fodhgkc} )

Nickel2 Vicia faba2) &4 Fx°] Hig o
7|3 3o 29l AE9 chromatin Wil of4
oo 7lch

9o} e F& BB AHaAHZ Qs &
Agloll 5 of2]7bx] F48hgHEe] R vl Aol A
A-8-2171 E colis}y B, subtilis MEL] XA o] tlE
ol wlsl AAlE Ao elytct

T4 sHE A@lA] total lipidel IS o F-E
E. colis} B. subtilisell A 50%2] o]Abe] =& <A
5 vellch o) A A A st Rl gt
thAbell od &k vl AAdE el AIE dalrh doiuiA
E&l7] dFo Ao YrHc) F, ofvkibe] ®
olu]iz uk-gof ol&f AlxAke 2 H3hsle ketogenic
ot Ake Aubib gH4de] HFAQl acetyl CoAR
W= o] E F&EgHEel o8] Al £49
- Agsldrl gfelzl Al o] F 33
& 5 ole AL FAE #i ohve} ol YElA
2)ubat 2341 2] key enzyme?] acetyl CoA carbox-
ylase7} &% #}gHE9] of & vbo} kAl A3HA ol
aodslx] e Ao M9 5 9ly] wFolrh®

F45 38 digh 2 @xd §442 Fig 4, 5904
R0l A3 zFAstdEd E coli®] MGDGe
)] 3] A= nickel chloride?} 68.70%, B. subtilisol| 4]
= copper chloride?} 34.06% 2 2|3 &4 3§
5 7P e A48S Jebch DGDGe s
& E. colioll 4] nickel chloride”} 34.37%, B. subti-
lisoll 41+ copper chloride?} 51.73%9] &2 A&
< e} olg} o] ¥ HEA 37MA F4
585 Aasle] #A3 MGDGS} DGDGe] &
Aol 4x AL olE FHFsgHE-Ee| e 73
At ) AES Wil eza AFY EHYAE
Aard oz olofupr] £ahA dlo] Ao FA
2e) wWstel wxjal HHA AdAE A o
ol Aeg Azl

ul B8 A F8 3R ACE MGDG,
DGDG, TGDG Eo] Slck.

Dunaliella salina)+ ZFx4& FAsh= At

o fo

i
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2 I AMAE Fxe| olF Aie] Weo| s
Uel ERFEI} W § FE& 7o) HAo|cp 0 o}
2 A& 7|8 ZHo] =& diacylglycerol XEE phos-
phatidic acid®] A A4l wela glycerol back-
bone®} 28] |l ¢-18 APPALS E3Fse A4
2223 glycerol backbone?] 2¥ $3|o] ¢-167
kS E3bske A9 A AR relain Al
A FAAe] Bx3s uhg-2 phosphatidylcoline
(PCY9] el Z oleic acid (18 : 1)Z%-¥{ linoleic acid
(19 : 2)7} A= o] o} uk-go4) NADHE
T34 AATFReR s AEAY cytochrome
bs-cytochrome bs reductase systemo] ZHodglc} 2122
LA F2)A ) A9 FA] A|upAle] BX 3} vk
stearic acid (18 : 0) 2%} oleic acid (18 : 1) 2 5]
linoleic acid (18:2)2 73 linolenic acid (18 :3)
29 ¥kg3} palmitic acid (16: 0)Z%-El hexa-
decatrienoic acid (16: 3)7}=]¢] wkg-2 =)=}
Ag3 AR Fxsiapael zzpge] o]Fefx
U}-,ZS'24‘25)

WR4C/7T)et £ (14C/17C0)A ARE P
sattvum ©. 2 HE] F-2|3 g24 2] thylakoid-&
AL Al & A5 22142 linolenic acid(18 : 3)
9] 3hefe) 2718l w, linoleic acid(18:2)& %A
s}9l™, nonthylakoid =}tell4l& MGDG# DGDG2)
linolenic acid”} 78t E. coli®] HFEF2} man-
ganese chloride A e]FolA F=a YFA Ao
MGDG$] linolenic acide}-§-&o] Z7}5 ZAzle} n
SEHATE® C4 AEQ S5y g8HzY 3
S2AE Ape) 1A JEAT A AxAYL of F3]o
4 MGDG¢t DGDG7} 65~70%%  =}#]3}r,
MGDG/DGDG vl-&2 #3352 AxeoA o7t =
steh. oleb zhe A= Al 4 9] Bl go] grana
lamellaoll 4 ] & Hab= AMEE]L 7o)} chul 9f
73-%- stroma lamella7-& 7= mutant®] o 2 of] 4
A AEA ) vld o] Frhe a0 o x)sle]
FR] o] thylakoidwte] FZ2AA F3k& w]x]7|
oy Algsch 23k £ AYdA E colid} B
subtilis W=7 total lipid & MGDG2 DGDG7}
45~50%% AAehs A3 wlwa g o o) QyEL
Aleict H2 ok GAASs sl ek A}
B39}, Phaseolus multiflours, medicago sativa, Ri-
cinus communis 7S AE-& linolenic acid7} 90
%5 ZAsF 9218359 Anacystis nidulans, Ana-
baena variabilis 7+-2 blue-green algaet w*]4-&
TN T2 AuHabE palmitic acid®] &eke] =
gtom ® Whaeat flour, Narcissus bulb2] v)33HA

Z2]& linoleic acid® F8& A|uhite s FAEEI
UTh® & o] Wk o ¥F DGDGER FA =]
¢lx, thylakoid"-& MGDGE] 3Ftefo] Z-o43 3
£ 902 linolenic acid?} F8& A|wpato g jeht
E. coli®} B. subtilis®] W=+ MGDGS] A% E.
coli®] manganese chloride *2]7¢} @2 A3
Aol o] 85l F2 =bibo] wlgt Ao vha Hcok
FA A A A tEe] ol B T4
sk 58 Adpake] 24 wWigs dojyled], ole
o] AEe] wiFz =t AJafel upa} x|upal Aol
chefet Wisly) ek B 199l Ao g
E¥3t Aubiba} E3} zjepate] AHAbAel AE A
A Axe] AETH FAlo HpHo| ¥ z|upat
& 1 5o} EXof 2]Esled ofe] nl &) AR el
kg mAwd B33 Auhabe] w0l 8 oo
AE 53L& H3AA AlgAEzz) 2k F5
oz Aol MsjEAE febdr)

FAAE FAdshs Fa Ak A iixledl A
vlefale Fab olE #F9 w@AA FRHe et
ate)7) glsdeh MGDGE A% E. coli®} B. subtilis
FEA 2 & palmitic acid®} linoleic acid7} o)
=9l gict. ole} 7o) E. coli®} B. subtilis W22
735 A A QG ol gd T8 kS linole-
nic acid®} palmitic acidy]& <o 5 9lch

24 Al ER R xubite] o4 FH HIE
2 opSt i)

Copper chloride® Aelg E. coli 2* Aol A+
ZAukA e 2 lauric acid®} palmitic acid¢] o]&-§-9)
Z7}8td 2, MGDG+ myristic acid& ©o] o] &3}
it B. subtilisoll 4] copper chloride # &A=
A Ao 2 linoleic acid7} %)% ¢l MGDGY] A%
stearic acid, DGDG& Ao+ palmitoleic acid®] o]
£o] ZF7lE gt

Manganse chloride #|2]A] wo] o] &% 2wt
E. colis)|#} palmitoleic acid, B. subtilis lauric acid
oo, ol E. coli®) MGDG2} DGDGE lau-
ric acid&, B. subtilis®] MGDG+ palmitoleic
acidZ, B. subtilis®] DGDG+ myristic acid& F2
°o]-8-3led F2|A-e YAdslech

Nickel chloride & 2|8} E. coli7} x| A Ao
F52 A3 2uba-e palmitic acid$} oleic acidgd
3, B. subtilis®] Fx|A A A] nickel chloride
ol A F2 AF8¥ 2| ubAS palmitic acidg]=d)
DGDG7} A3H4E o lauric acid§ &4 Ap&3lgd
o,
B. subtilis~= MGDG®] 7-$- palmitic acid®} lau-
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ric acid, myristic acid, DGDG+ myristic acid ]
o]-g-g-o] dETof vlal Frialeict o)abe] Ant
ol A B F5313EE Aeld iR ASH
A dEs G2 A Tl wlE) X3
A HIARG Wol o] &t AMHE o 5 Qe E
R upAb} 23} 2 upAbe] vlge] WElEo] B
o] zelsd AHU4Hql AEAgIT Axe] P&
8 FAZ FA7) A7)AE W ol ]e), Al Eute
F53o Wzl A7A b

%, straight=chain fatty acid& z+
A Bzt Ak (18:1, 18:2)% Wol ¥F
Bl 3)om <k7he] 16: 08 zZhErhe R uBg)
branched-chain fatty acidZ 2zt Gr am-%}"é-&%
5ol x5} 2wl (16:0, 15:0)& §Hiatch=
R0 B ood oA E coli HZT+ palmitic
acid®} E-3x3l z|ubile] zal=Elgjow B subtilis
Y27 okgke] B3t Abibe] FAE o of
§i-o] x5} Auhabe R Qe Wt dF 7k

B AR E coli®d B subtilis thE2T-2] 3]
AL FAse Adhak F 23} 2wkl palmitic
acide} 2 ¥3} =utilE linolenic acid”} W& B]
& AREe e S99 s @R A4
MGDG2] 7% linolenic acid7} 80% o]4 a}x]sh=
A3 DGDGol A palmitic acid®} linolenic acid7}
90% o4 AR Bz Mol & Ay Auel v)<: Erfﬂ
velt ot E coli2} B subtilisol &5 313HE
A sle] AR FH AL o=yt Exs 2w
Abe] cheFslA ol 4%l o= vw|Re] F4 3§HEo)
A2 8l total lipid Bk obel A A FAANE
B2 g v ki AbExlch

Gram &

dr

V. 2

E. coli®} B. subtilis A A3} galactose A
9 Al 2 ofeirtx] 34 335 copper
chloride, manganese chloride, nickel chloride ©]
g AEg v HerbE B skh

A E2] AAI total fatty acid methyl esters,
monogalactosyldiacylglycerolMGDG), digalactosy-
ldiacylglycerol(DGDG)®] @& thxT1o wvla] &
% 33E At FAE Fasiedch @A
A ZA o A MGDGe)| &-7-% galactose §Hak-e-
E. coliv A+ manganese chloride*]2]- 7+ 45.92%,
B. subtilist= copper chloride 8] 4555%2] &
A4 A& el

DGDG®] galactoses] ek

E. coli+= nickel

chloride e]7-ol4 6297%2] #AT }4E B
al, B subtilisel| A]+= copper chloride 2z]F-ol 4]
60.93% ¢ A s & Hehidch E coli®] 3
22 A o]8H F8 APMEE ETo
MGDG+ palmitic acid 27.81%2%} linolenic acid
14.81% % Jielyte}, copper chloride Azl
palmitic acid 20.00%, myristic acid 7.32%, nickel
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