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The Effect of Metal Compounds on Biosynthesis of Phospholipid and the Fatty
Acid Composition in Escherichia coli and Bacsllus subtilis.

Hye—Kyeong Park and Chong—Sam Lee
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The effects of potassium chromate (500ppm/ 500ppm), potassium dichromate (500ppm/
500ppm), cobalt chloride (100ppm / 10ppm), methylmercuric chloride (100ppm / 10ppm) on
the biosynthesis of phospholipid and their composition of fatty acids in E.col and B.subs-
lis were analyzed.

The contents of phosphatidylethanolamine, phosphatidylcholine, phosphatidylinositol,
phosphatidylglycerol, cardiolipin and total lipids in treatment with metal compounds were
lower to compare with the control.

The major fatty acid utilized for biosynthesis of phospholipid was palmitic acid in
control of E.coli and B.subtilis. However, in treatment with metal compounds, changes of
fatty acid composition utilized for phospholipid formation were as follows. In E.coli major
fatty acids were palimitic acid (ave. 26.26%) and cis-vaccenic acid (ave. 10.94%) in treat-
ment with potassium chromate, palmitic acid (ave. 31.41% / 31.42%) and stearic acid (ave.
17.92% / 19.41%) in treatment with potassium dichromate and cobalt chloride. And in
treatment with rethylmercuric chloride, palmitic acid (ave. 26.66%). stearic acid (ave.
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1550%) and cis-vaccenic acid (ave. 20.59%) were used in phospholipid formation. In

B.sublilis,

the major fatty acid was palmitoleic acid (ave. 15.29% / 10.22%) in treatment

with potassium chromate and cobalt chloride, and stearic acid (ave. 16.01%) in treatment
with potassium dichromate. On the other hand, cis-vaccenic acid (ave. 9.09%), palmitic
acid (ave. 17.23%), stearic acid (ave. 6:66%), myristic acid (ave. 6.34%) and lauric acid
(ave. 4.75%) were analyzed into major fatty acids in treatment with methylmercuric

chloride.

As shown in results, specific fatty acid pattern was came out in treatment with metal
compounds according to bacteria and treatments.

Key Words: metal compounds, biosynthesis of phospholipid, fatty acid composition.
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BN SAHE FEY AP HAER
o X3, F2 AxA2 +4 dHCronan
Vagelos, 1972).

o BB F7 wet ZAolvt e AT
dutA oz uPEo] FHHT Ye AANEL
phosphatidylethanolamine, cardiolipin, phosphati
dylglycerol2 ¥## A1 (De Siervo$t Homola,
1980 ; Goldfine, 1982), ©] $}°l phosphatidylchol-
ine, phosphatidylinositol, phosphatidylserine, phs-
ophosphatidylethanolamine, phosphatidic acid%©l
Z3) $cH{Cronan® Vagelos, 1972). ©]¢} o]
AXNAEL At =goz FAHEH,
CDP-1, 2-diacylglycerole] & 7Hx A2 &4
o] AFAM2 &880 (Cobon T, 1974), AAZ
gl 9o 529 UFES AEUTelA 2
A" Donohue-Rolfe 9} Schaechter, 1980 ; Duc-
kworth, 1974 ).

Micrococcus lysodeikticusI A §AE AXA
o] peptidoglycan®] A== ¢ sugar fragmen-
s8] $wAlg &Af PrHDietrich F, 1967). Al
Zuto A ojgt 2 AHIA FoF L F
gPate AX AL Uzt 9 Abolo] A transloca-
tiong %9279 (Donchue-Rolfe®} Schaechter,
1980), 1 FAo] 3} Atz B2 At
2 56} 907(Cronan and Gelman, 1975), A3
T%¢] amphipathic¥ 43 W Fd AxHe 7=

7} fluid-mosaic model2 A ¢t ®tH(Singerst Nic-
olson, 1972).

A B2 24L& #3434 22(Raetz, 1986)
of osjA B ol Gk e, 2%, 7IE ¥
22 B9 873 24 JHMx 23 Hed(Er
win®} Bloch, 1964), & QEAA AxZAR o]
2 FAE Ay ¥ 2Ad IS 7
e ks 89 B 47 217t vk Hep-
atoma MEE ¥Ho] H7tE wiAAM AZAA
21 phosphatidylinositol# phosphatidylethanola-
mineL Z7}% 1, phosphatidylcholined 74 €
t}. % sphingomyeling& A &g & X AN
£ oleic acid®] ¥°| F7F HA3L, polyunsaturat-
ed fatty acid®] ¥& 4 FHH Wood9} Falch,
1973). Acetate7} X 3¥l wlA A R F E.coli
N.CT.C. 59282 ¥k go] Zgd wiAoA A
d AR o 10019 QAA7F 1R A AR Al
¥ 8 39 K Damoglou®t Dawes, 1968). E.coliE
kAl wiAo] & FE9 NaClg AgdAY
(McGarrity$} Armstrong, 1975), A wjz], 4
2 39 39, & A% &% (Broekman %,
1974 : Cronan, 1968 ; Knivett and Cullen, 1965)%
o] =& AZF8¥, cyclopropane fatty acid®|
Aol Frbsta, BE3 Xty ke TAas
Ak, 9 Al inositol& &7 HR2<
Saccharomyces uvarum-< inositol APA AR A
a2 vt vjgo] Wislste AHAA oz ATy
79 ¥ Fxx ¥W3siA dHDaum F,
1983). Ammonium salts®] FE7} ATE wj Aol
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A wge Axe ¥3 ke 3l palmitic
acid®] ¥l gol ¥3, ¥xF 5=t ATE WA
oA Ag ATxe BIH A9 Hgo] At
ErHMarro Ingraham, 1962). £, 4947 4
A4 glycerol® W8 E 3& E.coli{Cronan %,
1975)9} B.subtilis(Mindich, 1972)M4 glycerol®]
ZYHY, N YA ¥ HAde] ¥
& fE Agito] Asio]l HE Y& ¥
v At} Alccholdd WAE vehlie vAE
Zymomonas mobiliso} A1 X 5=3# ethanol phos-
phatidylethanolamine# phosphati dylglycerol®]
kg FaAF1, cadiolipin® phosphatidylchol-
ined) %€ FMNHH Carey$} Ingram, 1983).
A& Ao GHAE st depdtt. E.colid]
A7 o] exponential phase®ll 4] stationary phase®
A gl wek $x:3} AEAE cyclopropane fat-
ty acid2 #3353, phosphatidylglycerol2 cardi-
olipine- & #H#EH Cronan, 1968 ; Marr8 Ingra-
ham, 1962 ; Kito 5, 1972). Cawlobacter crescentus
£ stationary phase”} ¥|'® exponential phase .t
phosphatidylglycerol ¢17438}3, acylphosphatid-
ylglycerolo] F7}@t}{De Siervo$t Homola,
1980). kA BKE Chiorella vuigaris®} A%
Abe Aol 28 X$A monoenoic acidsAH W
#, Aol A5E AAAEe T3 APt po-
lyunsaturated acids”t WEA 4 FH(Nichols
et al., 1967 ; Nichols, 1965). ¥ 3 |4t A%
AA E43A 44 F84€& 3t 3-decanoyl-N-ac-
etylcysteamine(3-DNACYe #-¥ 3} 2|44t o)
A% #5E 549 YAEFE F2AA 33 A
WAk Ao oA €. &, FAAL cerulenine
{3-ketoacyl acyl carrier protein synthetase®] &3
EE A3 AlA A §4¢ 94 ¥cH(Cronan
3} Gelman, 1975). TrissEDTA A8 Al& E.colt®
AL ejatol] 4 3 M phosphatidylethanolami-
ne? phosphatidylglycerol-$ 7+%8 3l phos-
pholipase A2%} phospholipase C&] #H-8o] 7}
A} (Duckworth 5, 1974). A& £E7} wolA
® palmitoleic acid®} cis-vaccenic acid@& X
3} xupate) o] &7} @t (Cronan, 1974).
st 22 AAF o #F A A o

G A7 2as die, 20 e F&£ e
of ot g 37 ZA ARAY AME o3
N7le 34 3%E(Umedadt Nishimura, 1979)
o] 948 FEAAN Yehle Fio] AW B B
27t AN 2% ARES AerdME ¥
d AEY 4 7HA dAL Eof A3 AAE 7}
Aed, Chiorella MENE 1ppme] Hg@ 3
T 24X3todioR A% 98 WAE Yo AMY
#cH(Lees} Lim, 1982). W4d X/F& MEef
A AgAY Fo edYoz 48A UE mercu-
ric compounds®] 31?1 methylmercuric chloride
£ Ax9 &48& $H81, thymidine® uridine
9] ¥4& #BAAFIH, DNAY single-strand scis-
siong Yot} (Nakazawa ¥, 1975). E, merc-
uy(ll)e a4 94719 284 AR H
DNASH B4 E o]F(Yamane®t Davidson,
1961). ol )9l & mercury€ cadmium, lead$} w}3
7R 2 71% 3¢ sulfhydryl groups® 7HH B
Aid FE4E ARz, 333 AL YL
Jaste 4383 8¢ Yehled, 53 A
Aol JANAH AL LFERAY 9
H3lE dogiti(Vallee®t Ulmer, 1972). &
hexavalent chromium compoundse v|A4}& 9]
DNA®} AHHog vhgdte] EHHO|E U]
& BE, 400—800ug plated] F& Melsta] uj
% s AFe] Aol A3 A4 @rH(Petrlli
9} De Flora, 1977). Potassium dichromate& *
¥ A oA A hamster fibroblastso A & ©]
F4 A¢Eo) Axgs} DNAY A& specific bi-
ological ligands$t 4% 28 §oll sis] 4l Efol
DNA$ RNASY ZHo] #AB] ZAHUN Levis
%, 1978). 3002M9Y lead®} 182M$ cadmium
& soybean(Glycine max L.)¢| mitochondria® 7]
53 4=49 g4 F£2 A8l F22M pod
fresh weight$} noduledll %3 H& @538 &
< 4 N (Huang 5, 1974). 1lmM cadmium
sulfated] =& % oat(dvena sativa)e I HE,
ATP ek, dto] B3 ¥ ATPased] ¥4, K* &
29 742§ JebythKeck, 1978). ¥¥, cadmi-
ume M ¥Eue calcium channel AAZ 2§
e, calmodulin® 2#sld FRH WstE
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dodle Aoz d8A AUvk(Mills? Johnson,
1985). Lead= B&A AAei7}A] &4 4%
A s, AgelMe e 9T MEY FAHE
& Fax Agled, olHP leadd EHE TE
§ &9 Qito] FF HE FiEYeE BRI A
tHKoeppest Miller, 1970). 10mM$} cobalt ion
& E.coli 4¥UE magnesium ion®] 5FFEE
uH3j) @}t (Nelson® Kennedy, 1971). Chlorella
vuigaris7} copperl A€ Yehde ¥ 84 &
HEo] 2HE ANA e dEL #% 3
g WS Jeblle 357 ded, ol A
EAAE lag A7I AR 2717t F7H8H M E
F7t dagozM Aol As @tHFoster,
1977). Omithine ¥4 v % @A & F3e
H2? acetylornithi-nase®] 2-8-& calcium, mag-
nesium, manganese, iron, copper, zinc, nickel§¢]
saltsoll 2l&] A& == ¥, cobalt iono] 23X
e 288 235 AH(Vogel# Bonner, 1956).

ol¢} o] oA A xWo| HAE MNXE
o X E dirtell viAlE 4 @ F4 dFE] 4
H7kA RE Al ulAlE FYPol e @ B
aFol HE HoY, #4& B A48 AT
HEY AAH AFAY ol§ FAAHe A
243 g% ¥3lE fEe 2ae vk o
A, B AFfAe AR AT ol FAE
E A 24 9 ¢ wsle vAe de7)
2 34 AgEe 4g%g #F Fux dd. F,
dg ME 74 ¥ WA4E 295z, Ax9
A4 4 4 dA A4 58 Je e 845 8
FEo] MEY F2 AXAAA AXF AHE
2E At 24 HaE d279 dla #4938
pil=

I. Mz & Yy

1. E.coli % B.subtilis HH2}

E.colist B.subtilisE &4 3{EL A w)
2o A Wi Stk B Aol AHEE 54 8%
B2 A9} o)(njwy)7} DNA &43% 124y
DNA 3|89 @ F7} wtg=o] e ye 2d#4E
o} oA} HAE rec assay, mutagenicity A1H,

SCE 714 4894 3% spectrum? e} W
9 potassium chromate (K:CrOs), potassium dichr-
omate (K:Cr:07), cobalt chloride (CoCl.. 6H:0),
methylmercuric chloride (CH:HgCI)®] Wl 7}A] o]
th
Nutrient broth Wi &jofj 4] ofju] 49 A3 Hej
E.colidl d@ A3 F%<A potassium chromate
500ppm, potassium dichromate 500ppm, cobalt
chloride 100ppm, methylmercuric chloride
100ppm3% B.subtilis?} & A8 5= potassi-
um chromate 500ppm, potassium dichromate
500ppm, cobalt chloride 10ppm, methylmercuric
chloride 10ppm& H71¢ ¥ AR AXE H
F5t] 37Tl A 4U2t A" WF (130rpm/min.)
FEch WG 71 B HE ARE AxFe
2 389t

2. Total lipid =&

Bligh%t Dyer(1959)¢] Wl g M¥o §f=
o] A+ total lipid& % 3. +8#E N XS
mortaro| A Zro} o7 g £, 7)) chloroform :
methanol& 1:2(v/v)8 ¥ &2 H7I8td gs}
I, %9 FHTE H7F 39 ER AU O
x5l #2l AlRd. #4¥ chloroform® &
whatmann No.1 filter papero] &3}A]7 total lipid
& 3% 39tk Yol 2+ methanol %9 chloro-
forme H7} & EF A1 F 22 ¥ chlorofo-
m3& Y AR A7 AHA total lipidE A
% &Add. o] total lipid 22 40-50T
dry ovenl X dzx AlA 3L 33 sk

3. oIX|Fe| Moot £X

Thin layer chromatography(TLC, Desaga)&
o]83td &% total lipid B9 Y& F4 <
2291 phosphatidylethanolamine (PE), phosphati
dylcholine (PC), phosphatidylinositol (PI), phosp-
hatidylglycerol (PG), cardiolipin (CL)& #2]3
o} TLC glass plate(20X 20cm)ell" silica gel(Mer-
ck, 60G)2 0.25mm FA 2 Y& Ao HERA
7 ¥ ALE A A 110—120C 9 dry ovendl A 60
23 243t AlA AL Bdh AAE Tumersd
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Rouser(1970)2] Wl w2} two-one dimension
method 2 3 3P oo, ojd 14 AN Efze
chloroform : methanol : 28% ammonia water(65 : 25
:2), 224 A7 S92+ chloroform : acetone : met-
hanol : acetic acid : distilled water(3:4:1:1:0.5)
o £ 89 & o4 3t Total lipidE A
3t FEd 4 7o JANFEEL BFE(Sigma)
o ¥w F3 styen, @44 ANefoge PEE
0.2% butanol’d ninhydrin 8%, PC¥ dragendo-
ff £9, PI¥ periodate-Shiff's 8¢, PG#} CL
€ 20% ethanoldd sulfuric acid® AMg3ch
(Skipski¢} Ballay, 1969).

4. K| methyl ester®}

€ 4y JAAHE 74 se APty
24 42 %3 HEE GCE ¥4 7 9o
Allen@ Good(1971)8] ®hfel 9)3ld PE, PC,
PI, PG, CL-& methyl ester3 AlZ{t}. 2 plated]
A Fed AR Ao 5% sulfuric acidE %
methanol €% 5 ml®} internal standard$l hepta-
decanoic acid(Sigma)E& A7t 3t 68—70C dry
ovenoll 12083 WAF 9 ¥ 3t $3 5/
78 ¥ g #Fch. 979 2mle] hexane&
Wil A Aeg ¥ E2l¥E hexane & #H3}
A=, o] ¥ &2Hg 33 w2 dHch Meth-
yl ester®}gt A ato] ¥ hexane Fll sodiu-
m bicarbon-ate X3 £ SmlE W1 g ¥
THA] hexane % & At Fel¥ hexane 3
€ AZAA &4 AR fatty acid methyl ester
o ¥gFE &3 Uk

5. Xyitel =Y &M

7} JAA AL F4%e AWAEY FF §F
< gas chromatography (GC, Varian 3300)%& ©]&
] 4 ok & AWt $3L lauric
acid (12:0), myristic acid (14 :0), palmitic acid
(16 :0), palmitoleic acid (16: 1), stearic acid (18:
0), cis-vaccenic acid (18:1), linoleic acid (18:2),
linolenic acid (18:3)8) ¥£#¥ (Sigma)® vl w8
o A4 3o

A28 GC detectors= Heframe ionization dete-

ctor®] ™, A8 columne stainless steel colum-
n(3mmX2.5m)2- £ 15% DEGS(diethylglycol suc-
cinate)& A2 oy, #4 AL e
3 g,

Injection Port Temperature 230C
Column Temperature 170°C
Detector Oven Temperature 250C
"Carrier Gas N2(30mL/min.)

mz

1. E.coli % B.sublilis NJE2| MZ}

% 382 potassium chromate (K-CrQ.), p-
otassium dichromate (K:Cr:0:), cobalt chloride (C-
0Cr.. 6H:0), methylmercuric chloride (CH:HgCl)7}
B el wi Rl A w3t E.coli 9 B.subli-
s 9 A¥ A3& Fig 19 ¥4 394 Fig. 1
A Jepd vkt o] gz v 24 IFYE
< M AgFAMe 4% A Aol et
woh. &, Wk 71%<t E.coli WM potassium
chromate (500ppm) A &) & it 41.92%, potas-
sium dichromate (500ppm) M2 F++ H7F 41.
82%, cobalt chloride (100ppm) M T+ H#F
39.13%, methylmercuric chloride (100ppm) # 2l
TE HBd 39.09%9 AF JdAEL Hgon,
B.subtilis = potassium chromate (500ppm) &
oM H 31.34%, potassium dichromate
(500ppm) A2 T& He 30.65%, cobalt chloride
(10ppm) M2 T& B 41.80%, methylmercuric
chloride(10ppm) M2l+& BT 27.94%9 A3
AA && ebR

ojg} Z& Ao A MF ME AF A &
e E.colid] A4 4711 34 3¢E A7t
H] 3 A Ve 52\, B.subtilis £ cobalt chlori-
de (10ppm)e] A &7t 713 FR8A e
o},

2. Total lipid &2 B3}

& SHES AAUAT WA A ST E.cols
S} B.subtilis 9] total lipid % W3+ Fig. 290

— 47 —



E. coli

120 ¢+

»@ s}
g
)
EY [}
8 B.subtilis
% 120 |
2
80 }
w0
0 1 2 3 a ( aays )

Duration of Culture
Fig. 1. Effects of metal compounds on the growth of
Escherichia coli and Bacillus subkillis during the cul-
tivation.
@ : Control 4 : Potassium chromate Wl Potas-
sium dichromate ¥ : Cobalt chloride O:
Methylmercuric chloride

A8k E.coli & B.subtilis oA tiZT9] to-
tal lipid ¥% W& Fig 2014 BRe vig &
o] Hjokz ol ®ldte] wjF 1ol BAG F71E B
Qou, wiF 2, 3, 4ddlE ik 194 A
v &g FFo] #A HUuoh

24 JFES AYG A A widd AE
#o} 7173 total lipid F HAE HA, E.coli
£ hxTo} ¥8| potassium chromate (500ppm)
Ha e B 52.57%, potassium dichromate
(500ppm) A B} B 54.64%, cobalt chloride
(100ppm) A &l F+ B 58.23%, methylmercuric
chloride (100ppm) M2l 4 55.63% 9 #F4&

E. coli
k)
S
g
‘a8
s
|
o
& B.subtilis
8
% wl
20
] 1 2 3 4 { Qays )
Duration of Cuiture
Fig. 2. Changes in contents of total lipids in Escherichia

coli and Bacillus sublillis treated with metal com-
ponds during the cultivation

@ : Control A : Potassium chromate Il : Potas-
sium dichromate =7 : Cobalt chloride O : Methyl-
mercuric chloride

+& 2=, methylmercuric chloride A&+
g 144, UmA A v LA o
Z7o) v M & 4SS Jedl. 3,
B.subtilis & W&+ |3 potassium chromate
(500ppm) M 2]+ HT 63.82%, potassium dic-
hromate (500ppm) Al B 53.63%, cobalt
chloride (10ppm) A 2 7F& ¥ 50.57%, methyl-
mercuric chloride (10ppm) M 2l1& H# 54.41%
o] #F&E&E B, A4Fe Ay e dx+
o B3 WYg 4L Aol HF ¥ Fags U
po =

o] 9} o] E.coli & B.subtilis A XA W F 7
ZHE<t total lipide] @) 5% sHHE 3o
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50% ol4te &2 A A#HE Yehdo] #E o
g

3. Total fatty acid methyl esters2| % 3}

Z} A 2] 1Y total fatty acid methyl esters®] &
F ¥3sle Fig 39 B4 3k Fig 39 el
¢ ute} Zo| E.coli 14 potassium chromate
(500ppm) Ml M 23.75%, potassium dic-
hromate (500ppm) M)+ B 29.60%, cobalt
chloride (100ppm)A &l 7 ¥ 35.69%, methyl-
mercuric chloride (100ppm) A&7+ BT 43.
71%9 ZHA&E YEN L, B.subtilis o} A€ pot-
assium chromate (500ppm) AT B 29.

E. coli

B.subtilis

Amounts of Total Fatty Acid Methyl Esters (ug/ing cell)

0 1 2 3 .
Durstion of Culture

Changes in contents of total fatty acid methyl es-
ters in Escherichia coli and Bacillus subtillis treated
with metal compounds during the cultivation.
@ : Control A : Potassium chromate {l}: Potas-
sium dichromate ¥ : Cobalt chloride O : Methyl-
mercuric chloride

( dayn )

Fig. 3.

60%, potassium dichromate (500ppm) M2 F&
i 40.46%, cobalt chloride (10ppm) He]F&
Wi 53.76%, methylmercuric chloride (10ppm)
Mt BE 40.36% 9 Fagol #E U
%, E.coli € methyl mercuric chloride, B.subtilis
M cobalt chloride?t THE # ] fof ujs) =
e AA AL el

4. O27fX| QIX|Ee| gty Wt

2+ AT derkx AAFY $F we
Fig. 4,5, 6, 791 Z+Z+ A8t Fig. 4, 5, 6,
7, 8ol vebd uheh o] iz AW BEI4e
B, E.coli 1A phosphatidylethanolamine (PE)

E. coli

B.subtilis

Amounts of phosphatidylethanolamine (ug/mg cell)

] 1 4 { days )

2 3
Duration of Culture
4. Changes in contents of phosphatidylethanolamin-
e in Escherichia coli and Bacillus subkillis treated wi-
th metal compounds during the cultivation.
@ : Control A : Potassium chromate ll : Potassi-
um dichromate ¥ : Cobalt chloride O : Methylm-
ercuric chloride

Fig.
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E. coli

B.subtilis

Amounts of phosphatidylcholine (#g/mg cell)

0 1 2 3 4
Duraticn of Culture
Fig. 5. Changes in contents of phosphatidylethanolam-
e in Escherichia coli and Bacillus subillis treated
with metal compounds during the cultivation.
@ : Control A : Potassium chromate Il : Potassi-
um dichromate 7 : Cobalt chloride O : Methylm-
ercuric chloride

{ days )

9] g total lipid & 14.79%, phosphati dyle-
holine (PC) 6.69%, phosphatidylinositol (PI)
+ 3.87%, phosphatidylglycerol (PG)= 4.17%,
cardiolipin (CL)2 6.13% #%=o] 13, B.subi-
ilis W2 TAME total lipid F PES] #3F2 11
12%, PC+ 4.79%, PI+ 4.40%, PGE 5.39%,
CL2 3.77% #¥fHo e A2z ey,
E.coli 8 B.subtilis 2% &€ A FoA
PEY #3Fo] "M ¥ RO 2 YT

F4 3FE 93 7t AAAEY] FF W3
+ o2 #o. Fig 4914 BE uls} go] PE
v W 717 FF Azl Bl E.colil A pot-
assium chromate * 2} 14.86%, potassium di-
chromate A2+ 9.95%, cobalt chloride €

E. ooli

’ g
% 2
§
S
%
g
% B.subtilis
2
k]
2] 2

1

0 1 2 3 I ( days )

Duration of Culture
Fig. 6. Changes in contents of phosphatidylethanolami-
ne in Escherichia coli and Bacillus sublillts treated
with metal compounds during the cultivation.
@ : Control A : Potassium chromate Il - Potassi-
um dichromate <7 : Cobalt chloride O : Methylm-
ercuric chloride

TFE 36.78%, methylmercuric chloride 3]+
38.41%9 AA&E, B.subtilis A potassium
chromate %} 2] '+ 15.59%, potassium dichroma-
te H2]FE 38.12%, cobalt chloride M2+
58.17%, methylmercuric chloride #2]+& 31.
68%<] A && Jehlfo], PES t& potassium
dichromate$} cobalt chloride®} 9A & 3#3= E.co-
li B¢} B.subtilis | A © ¥ Jel B3, methyl-
mercuric chloridex 23|28 E.coli 7} B.sublilis .
o AA 57 A e s

PCE Fig. 5904 ¢ #o] v 7|7t F =
F-oll ¥l3l E.coli WA potassium chromate 3]+
€ 12.53%, potassium dichromate * &+ 13.
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93%, cobalt chloride A 2|7+= 38.16%, methyl-
mercuric chlonde A2 7€ 45.96% <9 A&,
B.subtilis®] 41 potassium chromate X2 FE 66.
67%, potassium dichromate A2|TE 25.86%,
cobalt chloride X8l +¥ 75.86%, methylmercuri-
c chloride ME]TE 39.66%2 JM&S vhepd
PCell th# potassium chromate, potassium dichr-
omate, cobalt chloride®] 4A EHE E.coli BT}
B.subtilis A4 o ¥A Ye %3, methylmercur-
ic chloride¥ E.colf 7} B.sublilis 8.t} o4 xz}
7t A eyt

Fig. 6o ®71€ uls} Ze] Ple Wi 7% &
2t 2T ol B3 E.coli A potassium chromate

E. coli

ot B.subtilis

Amounts of phosphatidylglycerol (#g/mg cell)

0 L) 2 3 4

Duration of Culture

{ days )

Fig. 7. Changes in contents of phosphatidylethanolamin-
e in Escherichia coli and Bacillus subiillis treated wi-
th metal compounds during the cultivation.

@ : Control & : Potassium chromate Il . Potassi-
um dichromate 7 : Cobalt chloride O : Methylm-
ercuric chloride

e T 38.94%, potassium dichromate A 27
¥ 63.94%, cobalt chloride M&T& 65.87%,
methylmercuric chloride M2 7& 42.31%2] A
&8, B.subtilis 44 potassium chromate A&+
£ 26.88%, potassium dichromate *2]7& 58.
75%, cobalt chloride M &lF& 20.00%, methyl-
mercuric chloride X 2]7& 61.88%%] A4&&
Box, Plo] disisdE PESH PCoj tisiA <} @t
2 potassium chromate, potassium dichromate,
cobalt chloride®] A EItE B.subtilis B.oh
E.coi X o A uYe %3, methylmercuric
chloride= B.subtilis 7} E.coli 2o} A &7}
an Jetdd.

PGel A& &4 3389 9% Fig 79 ®
ABted, W 717 e 2T B3 E.co-
il A potassium chromate M€l 29.91%, po-
tassium dichromate # 2T 66.52%, cobalt chl-
oride 8 F& 26.79%, methylmercuric chloride
Al 7e 63.84% 2 A& E, B.subtilis WA po-
tassium chromate #2]7& 51.53%, potassium
dichromate &7+ 37.24%, cobalt chlonde X
g+ 34.69%, methylmercuric chlonde A2+
T 34.18%9 AA&E YehlA, PGl W@
potassium chromate®} cobalt chloride®] A &
B E.coli 3¢t B.subtilis ) A, potassium dichr-
omate$} methylmercuric chloride®] A &7+
B.subtilis B0 E.coli A o #A Jelg.

CL2 Fig. 89A Yelhd ulef o], wi<f 717t
Z 2ol ul§ E.coli A potassium chromate
A2+ 43.47%, potassium dichromate * 8
+ 45.90%, cobalt chloride MelT+& 14.59%,
methylmercuric chloride 2] 7+ 41.03% <] Al
&2, B.subtilis 1A potassium dichromate * €]
T 23.36%, cobalt chloride X2 7& 69.34%,
methylmercuric chloride # & 7& 54.01%¢] <A
&< Held W3, B.subtilis o1 A potassium chro-
mate #2]TE 2388 CLo) HT 3.65% F7}
£& B4k &, CLol 9§ potassium chromate
9} potassium dichromate®] A &A= E.coli 7}
B.subtilis Bt} A JeElW I, cobalt chloride®t
methyl mercuric chloride®] A A&+ E.coli B



E. coli
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£ 3
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g
% ‘
b B.subtilis
8
g ,
1 4
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Duration of Culture
Fig. 8. Changes in contents of cardiolipin in Escherichia
coli and Bacillus sublillss treated with metal compo-
unds during the cultivation.
@ : Control A : Potassium chromate ll: Potas-
sium dichromate ¥ : Cobalt chloride O : Methyl-
mercuric chloride

o B.subtilis A © ¥A e

5. QIX|EL X|yit 24

E.coli 9 B.subtilis & 1X2< PE, PC, PI,
PG, CL &4 °l&5+ AW4tF lauric acid (12:
0), myristic acid (14 : 0), palmitic acid (16: 0}, pal-
mitoleic acid (16 : 1), stearic acid (18 : 0), cisvacce-
nic acid (18 : 1), linoleic acid (18: 2), linolenic ac-
id(18:3)8) =4 W3lg ¥4 3Hdth. EFEFY
¥4 Fig 99, 54 3gEE A9 39 e& 9
QA Ao} A Htat M3l= Table 1914 Table 1074
Aol Z+zt ek YAk Table 1914 10742 ol A
B e x7e @Al Irizdr A A7

of M} AAAL 74 e AP 240 ¥
7t e Aoz #F I

PEE FAste A¥ite] 24 ¥3E Table 1
4 26} Jebd uie} o] E.colid) B dx2TE
palmitic acid”} Wi 1o} 22.18%, 2¥el 53.
17%, 39} 50.63%, 4Y°) 51.43% & F2 A&
H 3, myrstic acid®t palmitoleic aicd7} Wi
N1E 22 B 1.77%, 13.47% o1& HU
B.subtilis Z7F+= ¥ 199 myrnistic acid 14.
32%, cis-vaccenic acid 18.59% & ©]§ 393,
¥ 2¥olE mynstic acid 15.74%, palmitoleic
acid 21.55%, cis-vaccenic acid 21.06% 2 ¥4
HAoh. MF 3dlE myristic acid?} 15.04%,
lauric acid®} palmitoleic acid?} 2 2t 9.46%, 7.
44%9) o8& & BYon, WY 499 myristi-
c acid 9.25%, palmitoleic acid7} 30.54% 2 A}
5o} E.coli W2 A palmitic acid7} B2 o] &
&& Bl v B.subtilis NZF palmitoleic
acid®} o]-&&°] Estvh &, E.coli 9 B.subtilis
FE5H2 2 myrnistic acid?l Wol ol¢ =
Potassium chromate 2|+ E.coli 3% palmit-
ic acid®} cis-vaccenic acid7} 2zt wi<k 19
30.61% 9 9.89%, 2ol 31.97%} 29.42%, 3%
o 33.03% 24.71%, 4%l 18.97%} 31.21%
ALSS 3, B.subtilist= palmitic acid®} stearic
acid7} Wi 190l 21.85% 9} 22.05%, 4Ydl&
26.11% % 27.41%, 297 3¥ol& palmitoleic ac-
id7} 26.37% 9} 33.04% ©l§ =AU Potassium
dichromate # 2] 7& E.coli Y% 1€} stearic ac-
id 21.60%, linoleic acid 19.29% 7} o}-4 =AU,
myristic acid$} stearic acid”} Wl 2ol 22.28%
9} 35.83%, 390l 38.85%9F 22.97%, 44l 32.
29% <} 20.29% 9] o] &&& el

B.subtilist- Wi 193 299+ palmitic acid$}
stearic acid”} 2+2} 32.81% 9+ 19.96%, 24.83% ¢}
14.44% AH4 "3, 399 palmitoleic acid
17.79%, linoleic acid 23.58%, 4Y°l+ palmitic
acid 16.09%, palmitoleic acid 28.51% 71 £ S
Rk, E.coli 9} A cobalt chloride 2T palmi-
tic acid9} stearic acid7} 2zt Wi g 149l 23.98%
S} 12.63%, 290l 32.58%9} 25.53%, 3¥el 25.
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Fig. 9. Chromatogram of a standard mixture of fatty acid methy! esters.

09%2} 33.77%, 44 20.73% % 10.77T%E F=
o] £ A Walola, B.subtilislde wi¥ 1Y
o palmitoleic acid 10.52%, 2%Y°l stearic acid
13.43%, linoleic acid 12.73%, 3¥°l palmitoleic
acid 13.09%, stearic acid 11.69%, linoleic acid
10.40%, WiF 4ol stearic acid 19.22%, linole-
ic acid 19.37%7F ol&5 At} Methylmercuric
chloride AT E.coli A i 14l stearic
acid®} cis-vaccenic acid?} 16.60% ¢} 60.28% ©]
4501, 297 34+ palmitic acid7t 22}
32.82% ¢} 31.31%, cis-vaccenic acid”} 27.95% 2}
30.49%, 4¥ol+ palmitic acid 27.97% ¢ ©]-&&
o] #& xon, BsubilisdlAe g 149
palmitic acid 21.36%, cis-vaccenic acid 24.78%,
293 399+ cisvaccenic acid’F 2+ 22.43%
9} 25.71%, 499+ palmitic acid 21.56%, cis-
-vaccenic acid 31.97% ©]-4€ Zo] & HU.

Table 3, 49} Zo] PCo At 24 #de
E.coi 279 2% gz e v 1Yo+ pal-
mitic acid$} palmitoleic acid”} 10.43% %+ 14.
48%, 19.70% ¢}t 15.97% 91, 289+ lauric ac-

id®} palmitic acid”7} 10.82% 9} 51.81%, 3¥3} 4
Aol £ palmitic acid7} 22 16.76%, 45.56% &
&5 At B.subhilis WETE wWE xE palmi-
tic acid®} cis-vaccenic acid?} 22.90% ¢} 23.75%,
w9} 1Yol palmitic acid 18.56%, 2¥, 3Y, 4
= palmitic acid$} palmitoleic acid7} 18.57%
% 19.20%, 22.95%%F 20.74%, 14.63%} 18.
%= F2 T4 Aoz #F HUC
E.coli 9% B.subtilis ) PCt FF3og Awal
% palmitic acid®] o] &-&°] &4t} E.coli o po-
tassium chromate& A 3J&d WY 71 5
¢k palmitic acid7} 8 FAYe & 24} HY 2,
B.subtilis & A2 et QW= g 1990 palmitic
acid®} stearic acid”} 38.29% <} 20.00%, 299
linoleic acid?} 62.72%, 3Y 9l palmitoleic acid%}
cis-vaccenic acid”} 35.93% 9} 23.56%, 4o
palmitic acid 34.86%7} o1& =t} Potassium
dichromate M2 Aldl& E.coli ¥k 199 lauric
acid 33.42%, myrstic acid 13.30%7} o] & =
I, W 29, 3Y, 499 € palmitic acid$} stear-
ic acid7} 22.07% <} 19.18%, 41.09% %} 23.21%,

- 53 —



T <uwm> YOI NNWORMIANA : D N WPIONP IWO) : ) °)  NWOAPIp MISSMIN] : ( d  IIWOND BAISTEW] : D 'd [OOMOD : W0) ¢ ALON >
00°C0F 00°COL 00°COT CO"00% CO°C0T C0°00% 00°CDT C0"C0T 0000 00001 007CB1 00°0OT CO°CO1 00™COT CO"CO1 0D"001 00°COT 00°001 00700t 0D°COT 00"00T ™11
99°/S Z8'VS 66°6C lI'ST SY'0E YE°S1 09°0C SI'El 06°ST OC°9T Z¥0Z SOTIZ S5'WZ VKT OML  S9IZ II'8r L0°SC £Z°9F S0°SF 96765 o

- - - - - - - - - - - - - - - - - - - prow Mhuu..l“._
(z:8)
=0 - - - - &z - - %'t wo - - - - - - &8t 30 S TR § Piow oyejoury
- STOI -~ 1Z°IE EL°S  6F'OE GI°NL IL°VC S8°S  S6°EZ IZCL 6£°9 TV'EZ M'S W03 079 el 09 6L°L  pioe Bhﬁ.uﬂnwu
90°Y LL°01 62°0T 98°F I6°S LL°E  LLEE LY 65T I8°C ES'ST £OSE ISL 6LT  09°91 £9°21 09I wilooKs Eaunm.-."c“m
- w1 ooty - TS - s2 Wl S2°0I 16°0 SY'E L'l 05°C 9'ST - S6'E 09°0 ¥E'SL  66°RI  pIw u_uwﬂﬂ_r
6°2 EL°OT 62°IC 4791 £¥IS  IETIE 60°ST £0°EE £9°05 Z9°2 9S°IE WT L°1E LIS - w8t veL sz 0oL !u..oﬂw._._u..
¥9'8 W21 S9°C 66°L 09°01 9.6 99°C SL°L ZWOL £2°I1 £9°C '€ ¥ 206 T £t S8E w51 Bﬂauﬂun..r.
SEF W0 WO o0rE - 't SIl 9E°Z - 681 SST0 1Ll S2'Z woes] wown £5°0 966zl wWen - E“aowm.w..w_
. Pioe A3eg

DWW 2D G@°d D°d W IH 2D 4'd dd WO DK ID 4°d 2°d WD IW DD @°d I°d W) wo)  Juemymadg
v z 1 o ( shwp ) sy
Jo woy3emg

"UOIIEAI}IMD ) IITINP SPURODIOD [¥13W YIIA PAOWRY F100 DROIIAOST U] SUIET]OUMIIS|APTISESoNd JO SIS0 [A(1aR POV A1e) JO SUSINO0 WY SIRMY) | QUL

— 54 —



SJWMORPD MSFEIN] : D “d

Joxyo) : o) LN >

2 <{1M> WO BN ) N WPIOMP J[WQE) : ) °)  emoxplp snisse : 0 d

©00°001 00°001 O0"00% OO°CO% 00°0DI O0°COT CD°COY 00°00T CO°00T 00°C0T 0O0°COT 00°0OT 0OT00T C0°001 C0°00T (0°COY CG 001 CU°COT CO°00T 00°00T ©00°C01 oL
0U°'CE SZ°SY 2079 PE°2Z 10°Er IS°9S IS'CS VS 9S°LL 6675 LITI9 99°9S ISTC LZ'6S I6EC LRVE 65U 620 I6SY MOEY  IS°SS Swwopn
{291 )
08°0 61 16°¢ - - =0 ovol $S'EZ - - 2o s - - - S9°1 79 - - - Pi® satONT)
8°IC WU 181 1S°T 60 LS 2T SITY WL'Z Y2 EVZZ LO'T ¥6T6 181 90°IZ  RLYE 8.0 91°% 65°81 08702  PIw okmu“o
0C'0 61 S6°T 1¥LiZ 8BS 60 6911 - SIS 9EZ mn..o EXEL WFY 63°F WZ 28T 66°L 9661 68z EV'Y Suuwﬂwbm
- WE IS’ IR IS0 - GO'El 6L°LL WOET WL IS0 WL 0%l KR SSTIZ 0 25701 69°S1 o6 6T Piow Sn-“ﬂ.wn
95°IZ Z¥S GOSl WL WS WL 66°L Ov1 KLY 06°S  LI'Y ENY S9°Y WY Y %2 WY 19 295 &9 v.QA%%mP
089 10°1 99°C 999 S2°6 9971 SO°1 SEO LTI YO'SI 6972 190 I2°Z 9370 WLSI ¥ES S50 20°E ZEMN sL !ﬂ.aﬁ“sﬂ.
oy sri - 0% &Y oY - O'C $E %6 OFE S0 -~ ¥IZ 186 05 ¥O - 1 28 S o 4 !Mqom-ﬂ.h_
N piow &ey

2N 29 @°d O°d WO DH DD Q@d Dd WD DH 2D @d d2d W IH 2D 4°d I°d W) Wy JEmmay
| 4 € z 1 (] ( sdwp ) 3
Jo wopmmg

"UOYIRAT} 00 3} BuTanp SPUnOdEcO |¥)aE {}IA PAJEAE) 511 3IQRS SN] 300G U] MTERIOURISIAPTINASONd JO SI3I53 [A19E PIOR A138) JO SIIW0 Uy Sadwwy) "z Sfqe)



NEMORED WISTEIY ;D “d

jonuo) : o) € 0N D

z <1im> IPLIORP ILIOSMIADN : D N SPIIOYS 390D : D D QEEOEPTP mssegd : @ “d

©0°001 00°C0T 00001 O0°00T 00°001 CO°COT 00°00T CO°00T 00°COT CO°CDT 00°00T OD™0DT 00°COT O0°0OT CO°0COT (0°00T 0O'0DT 00 00T 0D 00T OD™00T 00 001 9oy
90°09 L¥°0C 19°9C 26°L1 LL°61 18795 IE°IC IZ°6 ZP'SY ZL'T9 OF'IS EL'IZ 25°9€ £Y°0Z 92°SP CEE'BI SY'IZ £L°9 ZS°IZ 92°SY OL°SS L 1)
(&%)

- - - - - - - - - - - - - - - - - - - - - Pioe Seajour]
(291 )
€z - - - = - - - - - - - == - - - - - - - Piow sysjouTy
()
Y5701 6Z°LZ SE'S Z'IT WIT OS°ST £9°S1 6&L°M - Lz $E°EZ YE'IT 1676 OZ°I1 6L°9 20°% IL°0E OL°0 (B°1C 6L°9 69°9 P10% DTUIWA-FIO
. (o)

SPET OL°01 E6°¢1 8¢ 99°S €I’y SE°Z1 12°gz eo’st 11 28°L ST°¥YYI SISl w001 o172 19°ST 8£°Z1 080 ZI'L 002 19°¢ PIOw otabans
(91 )

o™t It SY'II SE'II 'S 68°0 €£'C 95'C SO'HL WS - 62°S OB°T 6¥s1 032 63°Z 3721 W1 Z®IT ST s¥YI PIow JYIpgTETNd
(0:91 )

6Y°C B¥Y'ST GE'WZT TUTE 9S'SY STTE SETTE GOTYY IIEY LTI 1676 ZETIP LOZZ SITVE IRCIS  ZS¥Z ISTLT 109 e¥T2E OL°6L  EVUOl PIow DTSN
¢ ot )
3’1 WT LT &Y Yy RS 6 Yy §f°L ITE 1€°9 g 99 S6'y 2% M9 &1 O0£Ll 2T WY 18°r PIO% DT JNLI00
0Tl )

IS0 90 M'T 0 WL S0 &'l SEE - orz £9'1 KT - - Z®'Ol 6L°T 6P O 2Z¥EE - 9T9 ZE pioe oraw]
\ PIow A37ed

2K 2D a°d J°d o) I 27D a4a°d 2°d WD 2K 27D @°d D°'d W) N 27 da‘'d d2°da W) o) JuamyTAL]

% € z 1 0 ( sAvp ) amyiRg

Jo wryemg

‘OTIRATI RO (3 INTLINP SPURGINDO {WI0M ITA POVEAT) 1100 DHOLGNDS] UY WY [APIAPTIRKooyd JO 312150 AN PIoR £118) Jo SuMu00 uy SIRWY) “f SfquL



x <ium>d> PIIOIYD DLMAFMEAYIN : D N FWIOYD MGO) : D *D) NEOSKPIPp MISIN : ¢ d OO EnsEd : ) 4 jonuwoy : o < AUION )
00°001 QB"00% 00001 000D 00"C0F CO°CO% 00°001 €0°001 CB°COT CO0°COT 00°001 CO°C0T D001 0D°0B1 00°COT 00°001 00"CIR 0O0°C0E C0°COT GO°CDT ©00°001 _g
ST'IS L0°¥S SL°IZ LIS SL'Ly TXTS SLSL TG SKTET FSTIC B0°PS OFLS SO'ST S2CTT ELTWY IR TGS MR &£TIZ Wl om b 1]

_ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ oo (e )

(Z:91)
20°0F W'Y WL - - sz T 189 - - S3°E  ¥S°91 BETO1 2LT9 - o't &t 696 - - - P1ow ofajour]
wWE W\ w'n - S9E 8T W'E M2 9SEZ ELS  OFE 2T 9101 W¥ SIE WS ELr UB WE TS SLET prae Beuhl..““wu
T0°ST ZL°OT ZI°0% €X°¢ 611 69°01 &F'L S6°€2 - wua ﬁpsu 31 6I°0Z 9¥'S Z3°01 60°91 OB'Zl Ze°ST OD°OC I£'8  6I°01 v..uu Maﬂ.a'“m
%1 T - 3"y %8l - F4 5 4 - £B°SE PLOZ 6L°0 W1 ZST9 SI'E OXSEI 99°C ZETL 18T L9°% 1670 06°§ plow DAM-M”“"—"L
SI'SE 48°11 TE'SEC 9B°YE £9°¥l 29792 99°L 20°VF ¥0'9 SE'ZZ 96°61 09°S ZIVE I LS°R1 65°9C 96791 QO°OE 6278 95791 06°Z2 !nlAﬁﬂMﬂuluws
ZES 81 ST SI0 &LE SCy SOl WLy SEE WOE SL'FY 960 9S°E 9ST0 087 g&'S 1 oy SET I8y  ssor Enlauﬂmuh"t
- - - LE'0 6070 8L°0 - - 6L°T OY'0 SL°0 - - - o 9’1 own - - s1°0 62t SAnO.Uq..N«L-
\ pioe £1384

D' 270 4°d 274 W) 2 273 ad d°d W DR 2D a°d J2°d W) R 27D G6d 2°d W) pa) pramyeas]

1 4 € z 1 ] ( stwp ) amyje)
Jo woyjeang

*UOTFRATI|TO Y} SMINP SPANOdE0OD W3R YIIA PIIURIY S1]1IQAS SN} 100G UT Y OHDIAPTIRYdsoud JO SIED [AY10N PIOR £338] JO SRGUOD Uy sauey) “y IqeL

-~ 57 —



28.39%F 19.93% =9 =3} Potassium dichr-
omate®& A2 ¥ B.subtilis & WY 713 palmit-
ic acid$®} stearic acidZ 1€o] 30.00%%} 15.
82%, 2%l 34.12%9} 20.19%, 39l 44.07%9}
23.95%, 4ok 35.31% % 20.12% 7} o] € Ao
2 #3 531t Cobalt chloride H 879 B %+
E.coli "8 199 cis-vaccenic acid”} 30.71%, 2
U3 3Y9 palmitic acid7} 41.32% 9} 32.35%, 4
Yol palmitic acid®} cisvaccenic acid”} 25.48%
o} 27.29% 931, B.subbifist= ¥l 1Y) palmitic
acid 16.98%, 2ol stearic acid$} linoleic acid”7}
16.44% S} 16.54%, 4¥} palmitic acid 11.87%
7} o] % i}, Methylmercuric chloride® #2)
3HEW E.coli & W 19° palmitic acid 28.
52%, cis-vaccenic acid 26.02%, 293 3dd&
cis-vaccenic acid?} 23.38% ¢ 25.50%, 49K ste-
aric acid’} 19.45% £ SN, B.subtilise pa-
Imitic acid$} stearic acid”} W< 1ol 28.59% 9}
16.09%, 2%l 19.98%k 12.62%, 3l 26.
67% <} 10.69%, 4l 33.16% %} 15.11%¢1 Ao
2 gyt

Table 59 69141 PI @4 Foq§ Fa A
Aol 33 FHE B F Uk E.coli E2TE )
¥z 199l palmitic acid$} palmitoleic acid
E 20.13% 9} 38.45%, 20.15% % 26.13% o] &
o0, 2499 lauric acid, palmitic acid, stearic
acid7} 15.69%, 23.75%, 24.14% 93, 3Yd&
lauric acid$} palmitic acid?} 15.95%$} 26.95%,
4Y el = myristic acid 4.16% 9] o] &&& YE
t}. B.subtilis =Tl W2 palmitic acid
9} cis-vaccenic acid7t 14.19% 9 13.84% 3, 1
Aol palmitoleic acid 25.85%, 2¥°l palmitic
acid®} palmitoleic acid”} 20.66% <+ 30.61%, 3%
% 4¥ol = palmitoleic acid7F 21.17% % 23.38%
o] &5tk E.coli 7} PI §4 Al palmitic acid®
lauric acid& Bo] =Y &el] vl 3| B.subtilis + pa-
Imitic acid®} palmitoleic acid®] °]8&°] E%
t}. Potassium chromate A 2l7#& BW, E.coli &
v F 1937} 2ol palmitoleic acid 12.94% <} 84.
21%, 3Y°l+= palmitoleic acid®} stearic acid”}
16.06% 9+ 16.64%, 4¥lE palmitic acid® pal-

mitoleic acid”} 12.83% %} 39.99% 13, B.subtilis
£ WY 1Y) palmitoleic acid, stearic acid, linol-
eic acid ©]-§-&°| 20.03%, 16.24%, 18.26% %2>
9, 2¥9}+ lauric acid 14.49%, palmitoleic acid
11.96%, 3¥9lE palmitic acid® palmitoleic ac-
id, linoleic acid”t 16.26%, 29.28%, 15.08%, 4
oA+ lauric acid, palmitoleic acid, linoleic acid
8] o] §&o] 11.89%, 16.20%, 12.51% = el
t}. Potassium dichromate 32+ Z$, E.coli
£ WY 1990 lauric acid 28.15%, 2¥ & palm-
itic acid 40.40%, 393} 49 & palmitic acid%}
stearic acid”} 46.81% 9} 25.17%, 37.30% % 23.
66% F 1L, B.subtilis = palmitic acid9} stearic ac-
id7} W 199 40.60% 9 24.21%, 299 40.
09%<} 21.36%, 3l 34.49%9} 19.88%, 4ol
34.76% 9 22.36% 2% F8 FA Aoz o
E}sktt. Cobalt chloride * 2+ E.coli WA pal-
mitic acid®} stearic acid7} ¥} 19l 32.09% <}
18.60%, 2l 40.93%°F 31.52%, 3l 36.
03%S} 40.06%, 4Y°l 42.06% %} 33.91% 2 F9
T Aake| R 3, B.subtilis o A= palmitoleic
acid7F ¥ 19 18.55%, 2%l 17.01%, 3¥
off 23.56% A1, 4¥elv palmitic acid® palmit-
oleic acid7} 17.12% <} 14.73% 9] o] 8&& B
t}. Methylmercuric chloride A&+ 7%, E.coli
& W% 199 palmitic acid 30.42%, stearic acid
23.90%, 299 palmitoleic acid®} cis-vaccenic
acid7} 42.95% 9} 26.94%, 34 44+ palmiti-
¢ acid®} stearic acid7} 39.54% ¢} 22.12%, 39.
47% 9 27.44% TASIAIL, B.subtilis ol A< ui
& 149l palmitic acid$} stearic acid7} 46.22% 9}
15.25%, 499+ palmitic acid7} 14.04% 9] o] &
&< BY.

E.coli 8 B.subtilis 14 PG &30 FAg
A Aol 24 ¥ste Table 77 89 A8
t} E.coli 27 gz 1Y, 29 palmitic
acid®} palmitoleic acid”} 21.86% 9} 20.57%, 28.
44%9F 19.67%, 49.72% S} 13.92% ol &= 1,
3ol = lauric acid 19.26%, palmitic acid 35.
62%, 4YolE palmitic acid®} stearic acid7} 49.
18%9} 17.46% 9] ©14-&& B ). B.subtilis o
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ZFe WYz cisvaccenic acid 17.16%, 1%
ol myristic acid”} 16.98%, 29 3Yl& pal-
mitic acid7} 15.60% $} 12.73%, 499 palmitic
acid 15.50%, cis-vaccenic acid”} 16.20% 2 F2
ol &8 AWAitojitt. PG A A E.coli & palm-
itic acid& F2 A& ¥, Bosublilis & o8
Agate] o] g-go] 124 et Potassium
chromate X 2|Al, PGS F8 At g B
A, E.coli A Wl 190 myristic acid$} stearic
acid7} 48.30% ¢} 24.16%, 2Yol palmitic acid
16.53%, 399 palmitic acid®} stearic acid”} 44.
37%%k 17.57%, 4% palmitoleic acid%} stearic
acid7b 51.57%¢F 19.12% 9} ©]&&& HHAX,
B.subtitis WA E wl% 199 linoleic acid?} 21.
33%, 299 palmitoleic acid$} linoleic acid”}
21.33% % 17.16%, 394+ lauric acid 19.15%,
440l palmitic acid 23.09%%] °]&&& el
t}. Potassium dichromate el E.coli 3%
palmitic acid®} stearic acid7} ¥ ¥ 1ol 28.22%
9} 10.58%, 2l 41.84% ¢k 19.99%, 3¥eil 40.
87%9t 20.51%, 490 41.41% 9} 20.50% 2N F
2 ol 8@ Aupato| 2 :, B.subtilis oA wik 1
Yol & lauric acid 39.73%, 2990 palmitic acid
23.98%, 347 49l palmitic acid® linelic acid
7} 19.06% ¢} 17.20%, 14.40% 9} 21.99% ©) &5
%Ath. Cobalt chloride® gt wjxelq A
E.coli 9 PGE palmitic acid®} stearic acid7} Wi
% 190 33.74% 9} 19.54%, 29l 34.27%%}
15.66%, 3Yel 32.48%% 14.25%, 4¥l 15.
57%% 18.94% 2 F& o] 4HUT, wF 2¢ % 3
doll = cis-vaccenic acid”} 16.19% 9} 16.64% ©I
$H9A}. B.subtilis N A W F 199 lauric ac-
id 15.86%, palmitoleic acid 10.76% 7} o] 5131
i, 2937 39l = palmitic acid, palmitoleic acid,
stearic acid”} 9.49%, 9.73%, 9.39% <} 10.08%,
10.59%, 11.33% 2 ¥l&# °] 8§88 Bt 4d
N stearic acid’} 11.23% ©] 4= At} Methyl-
mercuric chloride X 2]A] E.coli & W% 149l pa-
Imitic acid®} stearic acid”} 34.66% 9t 20. 36%
3, 29 o]Fo| = palmitic acid, stearic acid, cis-
-vaccenic acid® 2%el 35.36%, 16.69%, 23.

43%, 3ol 34.54%, 20.30%, 19.83%, 4%l
37.42%, 18.47%, 22.40% 8 F& ol&3AxL,
B.subtilis & ¥%F 190] palmitic acid 12.94%, 2
Yol lauric acid®} myristic acid7} 12.05% &} 12.
62%, 3%l myristic acid$} palmitic acid”} 13.
51%% 15.30% R e, WY 4¥oE lauric acid,
myristic acid, palmitic acid”} 10.30%, 13.40%,
14.42% ol &=

Table 99+ 109l CL9 F8& At 24 w3}
€ JERAT E.coli 25 Wl ¥2ol palmit-
oleic acid 26.37%, linolic acid 19.12% & ©] &3
A3, 199} palmitic acid 22.53%, 293 3%
& lauric acid®} palmitic acid& 17.31%$} 38.
20%, 20.11% 41.10% ©o|-43tdch. Wk 4Uof
+ myristic acid 20.35% 7} ©] -5k B.subklis
W27 vl gEo] palmitic acid$} cis-vaccenic
acid§ 14.06% % 17.34% ©l &34, WY 1Y
o myristic acid 15.90%, palmitic acid 13.45%,
299 palmitic acid, palmitoleic acid, cis-vaccenic
acid7} 12.71%, 17.63%, 12.26% 20, 3
© myristic acid, palmitic acid, stearic acid”?} 12.
69%, 20.72%, 15.02%, A¥ol+= palmitic acidt
stearic acid7} 22.91%9F 15.41%9] o]&&& B
Ak, CL 4 A| E.coli 9 B.subtilis 5202
palmitic acid7} ®e| ©1 8% U3, E.coli € lauric
acid?}, B.sublilis £ myristic acid7} ©+& x|4hat
of ¥l o]&&o} ESth Potassium chromate
AT E.coli & 7% palmitic acid7} W ¥ 1Y
o 31.15%, 29U 45.29%, 3o 33.92% & F
g ol&H3%5, 4¥de palmitic acid®} stearic
acid7} 46.94% <} 20.65% ©18-S AT} B.subtilis
€ w197 29 palmitoleic acid$} cis-vacce-
nic acid”} 16.96% ¢} 21.78%, 12.60% <} 15.33%
o] &8lG 1, 3¥cl+ palmitic acid®} stearic acid
£ 12.78% % 9.23%, 499 cis-vaccenic acid 14.
65%& A §9ol ol&3Hch E.coli ol pota-
ssium dichromate® A& ¢+ palmitic acid
2} stearic acid® W 19 41.06% 9} 16.36%,
29k 30.49% 9} 17.28%, 4ol 47.21% %} 23
8%8 T2 AHE3IHI, 3YoE palmitic acid
17.06%, cis-vaccenic acid 35.93%7F =¢1=dd
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t}. Potassium dichromate® X el% B.subtilis
W F 199 myristic acid®} palmitic acid”} 13.
67% <t 15.33%, 299l palmitic acid, stearic acid,
linolic acid7} 27.04%, 21.41%, 19.01%, 3¥l
palmitic acid®} stearic acid7} 41.46% ¢} 33.93%,
499 lauric acid 17.51%9] o] 4&& el
. Cobalt chloride M2 F& ®W, E.coli & CL
< ¥ 193 3UelE= palmitic acid®} stearic ac-
id7} 35.91%9} 19.16%, 39.54% ¢} 16.03%, 29
# 49+ palmitic acid® cis-vaccenic acid7}
38.73% %t 15.34%, 28.05% <} 34.92% 2 FA4H
Rem, B.subtilis & W% 193} 490 palmitole-
ic acid& 16.57%} 16.06%, 2¥ol¥& lLinolenic
acid& 43.30% ©°1-83l9v}. Methylmercuric chl-
oride X E]F+ E.coli AA palmitic acid, stearic
acid, cis-vaccenic acid7} W1 1) 30.26%, 15.
2%, 26.28%, 29l 34.32%, 19.07%, 19.
8%, 49°) 33.19%, 20.82%, 14.69%8 F=
olg® AgatolRon, WY 3UANE palmitic
acid$} stearic acid7} 38.33% %} 25.80% E<% 5%
t}h. B.subtilis © ¥ 19} cis-vaccenic acid 12.
36%, 297 3Yol palmitic acid 19.36%S} 15.
19%E, W% 499 & lauric acid 11.77%, myms-
tic acid 10.66%, cis-vacoenic acid 15.26% & ¢
AA Ao ol &% Hoew FHAHUY

N. 1 F

Hexavalent chromium compounds& A% T4
AEE A3 AA HESH DNAY € specific
biological ligands®t & #8314 §o2X A
¥ 54 5%E Jegn, opr|xAte] F47 nu-
cleotide®] %3 & 83 ¥vHLevis et al., 1978).
Cobalt ion& E.coli ME HZ magnesium ion2}
554 < A sti(Nelson and Kennedy,
1971), A3 A ZE-& Ve Jied, 43 A%
© 542 7HA %ol 9] energy-linked uptake 7
A2 A4 v G2 cobalt ionoll g HaAde] &
W @ (Webb, 1970). Mercuric compounds®
pyruvate WAHE &l 3L3L, lipoic acid, oFvlxAY,
gl 849 thiol group® A3 8L Yo

A F, A9 g7 = A47I%9 43 %
& o3 A o4& /¢ 3, phenyl—
methyl-mercury E4E FAF £9 ¢ #FA}
34€& W3 #ch(Vallee and Ulmer, 1972). 919
2 24 899 axe Add & AP po-
tassium chromate, potassium dichromate, cobalt
chloride, methylmercuric chloride’} &€ wix
oA A& Al E.coli®t B.subtilis Al £} A A o)
t2Tol vjd AdAE Ao BAY. F, methy-
Imercuric chloride®] 4} #€ W#l, hexavalent
chromium compounds®] &7 Al A, cobalt
compounds®] 4% A &3 Fo] HE A4S
A adez A4 H&E & F UG =,
Fig. 191X B.subkiis®] W& 4dx ol thx=79 4
o] F718 A2 stationary phase FAE A&
HEd AT AESS ALY dA 3L
4% (Brock, 1988)81%17] W& Aoz AZH
=3
Total lipid®l %L A& A7i¢} @7 =
ek |3l &, 54 8EE XA total lipid
o] $9L E.coli®t B.subtilis) X 25 50% ol
9 ¥ JAEE Y W ol AF A
Hod B4 843 dabel 4% vy ARH
A ME AL dojur] 28] fE2d Ao
Ao 34 3EE AN total lipide] FHa
2 Q139 total fatty acid methyl esters® Z4®
Aoz B}

47k JAAA FAo AT FH&e
CDP-1, 2-diacylglycerol©] serine® 4¥+-& 3% ph-
osphatidylserine(PS)ol ¥4 =n, PE- PS9
g@ekst yhgo s =AY, 1, 2diacylglyce-
rol & CDP-ethanolamine®] ¢14}7) d@o g ¢
4 #H(Steiner and Lester, 1972). PCE CDP
choline®] 1, 2-diacylglycerolel 2§ 3 YA =
™, phosphatidyle thanolamine transferase®] #&
282 PE7F methylation®o] A4 H7lx o)
(Waechter and Lester, 1973). PI& CDP-1,2-diac-
ylglycerol®] inositol2 147 HE-& 3l A
¥ Cobon et al, 1974). PG CDP —diglycer-
ide 2 sn-glycero-3-phosphate”} intermediator$!
phosphatidyl lycerol phosphateZ EA & ¥ €9
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A3 NEge] dejrt ¥4 H:, CL& PGY
CDP—diglyceride7t 87 o] ¥4 ¥t} Cronan
and Vagelos, 1972). £ AT Jepd AT Al
¥9 XA g PEZF & ¥ &L 2K 3
3, of ¢of PEo| ¥isf He %o PG, CL#
PC, PI7t EA#e 3 oA R 3(Cronan
and Vagelos, 1972 ; Goldfine, 1982;De Siervo
and Homola, 1980)&# dx @@} 34 #{E
of o3 zt AAd AL Fig 4, 5, 6, 7, 8414
B5o] 8A3] 4 e, E.cofi®) PES o
M= methylmercuric choride”?} 38.41%, B.su-
bhlisod A= cobalt chloride’} 58.17% 2 A2lgt
& BYES M & 9AEE ve Yo
PCY A4$% E. colix methylmercuric chloride #
2|77t 45.96%, B.subtilisv cobalt chloride”}
75.86% 2 PES] tisiA £& 44 && vet Bd
& 2PEo] PColl HME 713 & A4 &
IE Vel ded, o]Af PEE 5% PCY @4
o] dof Yx B Rl ey B PE
o} PCol o3 94 EdJ) gFHog Eq
E.coli2 ™t B.subtilish ¥ %A Jebd 28 gram
—54% gram— e AT AME T Apoje]
ZFQ1 o7t 4 BHE HAE Yz FHE
o= 9%-& v H 7 (Donohue-Rolfe and Schaech-
ter, 1980 ; Brock and Madigan, 1988) W& A
or Azt 9o, Pl E.coli®h B.subtitis®l* 2
& 31gHEel dig A4 B A wesA
EBgtey, Fig 6olA Rl o & A Hel §A4o)
ZasEe Alvlel 238 P18 €48 F71E A
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ARHoE doun REA 3ld AAdxesn 7

4 BF W AXE AYHE AAE zels
7] W&l Reg YyyEr)
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< B35 A 8 Agato] AAHel A
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