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Abstract Phosphatidylserine  decarboxylase  activity  has  been 
characterized  in  membrane  preparations from Clostridium butyri- 
cum ATCC 19398. A particulate  fraction was  shown  to  catalyze 
the  formation of phosphatidylethanolamine and plasmenyletha- 
nolamine  when  vesicles containing  phosphatidylserine and 
plasmenylserine  were  used  as  substrate. No plasmenylethanola- 
mine  was  formed  when  phosphatidylserine  alone  was  used  as 
substrate. The activity  with  phosphatidylserine  was  activated  by 
divalent  cations and was optimal under anaerobic  conditions. 
Ionic  detergents  inhibited  phosphatidylethanolamine  formation 
strongly and nonionic  detergents  inhibited  partially. In the 
presence  of  Triton X-100, phosphate  from  [52P]phosphatidylserine 
appeared  in  three  unidentified  lipid  products,  in  addition  to 
phosphatidylethanolamine. The formation of  these products was 
time- and Triton X-100 concentration-dependent.  Hydroxyla- 
mine  inhibited  phosphatidylserine  decarboxylase,  but  did  not 
prevent  the  reactions  stimulated  by  Triton X-100. “Verma, J. N., 
and H. Goldfine. Phosphatidylserine  decarboxylase  from Clos- 
tridium butyricum. J. Lipid Res. 1985. 26: 610-616. 
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phospholipid metabolism 

Studies  on  the pathways for the biosynthesis of phos- 
phatidylethanolamine  and  plasmenylethanolamine in 
anaerobic  bacteria have been carried  out in  this laboratory 
(1, 2). Kennedy  and his coworkers demonstrated  that  the 
de novo synthesis of phosphatidylethanolamine  in Esche- 
richia coli involved the following steps (for references see 3). 

1. Phosphatidic acid + CTP CDP-diglyceride + PPi. 
2. CDP-diglyceride + L-serine - phosphatidylserine + CMP. 
3. Phosphatidylserine - phosphatidylethanolamine + ( 2 0 2 .  

Reactions 1 and 2, which result in  the  formation of 
phosphatidylserine, have been demonstrated in  this  labora- 
tory  in a number of anaerobic  bacteria  containing plas- 
malogens,  including: Clostridium butyricurn (l), Megasphaera 
elsdenii, and Killonella parvula and  one devoid of plasmalo- 
gens, Desulfvibrio vulgaris (2). In these studies,  phospha- 
tidylserine  decarboxylase, which catalyzes  reaction 3, was 
readily detected only in D. vulgaris. 

There is evidence  suggesting the presence of serine 
phospholipid decarboxylase activity in Clostridium butyricum. 
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Experiments  in  our  laboratory (4) showed that  both phos- 
phatidylserine and plasmenylserine, which are not  present 
under  normal growth  conditions, accumulate  in  the 
presence of hydroxylamine, an  inhibitor of phosphatidyl- 
serine  decarboxylase. Further, it was demonstrated  that 
the  accumulated  [32P]phosphatidylserine  and [s2P]plas- 
menylserine undergo  rapid  turnover  and  the label appears 
sequentially in  phosphatidylethanolamine, plasmenyl- 
ethanolamine,  and  the glycerol acetal of plasmenyletha- 
nolamine. 

In this investigation we have identified and characterized 
enzyme activities from C. butyricum which  decarboxylate 
both diacyl and alk-1-enyl acyl serine  phospholipids  to 
diacyl and alk-1-enyl acyl ethanolamine phospholipids, 
respectively. 

MATERIALS AND METHODS 

Materials 

Sources of supplies were: Amersham, L-ar-phosphatidyl- 
L-[U-’*C]serine, 60 mCi/mmol,  [32P]orthophosphoric 
acid,  carrier-free, OCS scintillation mixture;  Sigma, 
bovine brain phosphatidylserine; Whatman,  CM-cellu- 
lose (CM-52); E. Merck, silica gel 60-pre-coated TLC 
plastic  sheets. All other solvents and chemicals were of 
analytical grade. Cutscum@ was obtained  from Fischer 
Scientific. 

Clostridium  butyricum ATCC 19398, growth 
conditions and  preparation of extracts 

An actively growing inoculum (10%) was added  to  stan- 
dard Broquist and Snell casamino acid medium (5) and 
the cells were grown anaerobically  to the  logarithmic 

Abbreviations: TLC, thin-layer  chromatography;  MES, 2-(N-mor- 
philin0)ethanesulfonic acid; Tris, Tris(hydroxymethy1)aminomethane; 
pHMB, p-hydroxymercuribenzoate; NEM, N-ethylmaleimide. 

‘Present  address: Department of Molecular Biology,  Northwestern 
University School of Medicine, Chicago, IL 60611. 

*To whom  correspondence  should  be  addressed. 
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phase (60-80 klett units, red filter). The cells  were har- 
vested by centrifugation at 9000 g for 15 min at 20°C and 
washed once with 10 mM potassium phosphate buffer 
(pH 7.5). The cells  were broken by two  passages through 
a French pressure cell at 12,000  psi. The, lysate was cen- 
trifuged at 105,000 g for 1 hr  at 4OC, the pellet was washed 
once with and suspended in 10 mM potassium phosphate 
buffer (pH 7.5), and stored in liquid nitrogen. 

Preparation and lysis of protoplasts 

Cells grown as described above  were  washed  twice with 
protoplasting buffer, 10 mM potassium phosphate buffer 
containing 0.4 M sucrose and 15  mM  MgC12 (6), and 
concentrated 100-fold in the same buffer. One  hundred pl 
of lysozyme (60 mg/ml) in 50 mM potassium phosphate 
buffer (pH 7.5) with 15  mM MgC12  was added per ml of 
cell suspension and the suspension was incubated  under 
anaerobic conditions (Nz atmosphere) at 37OC for 30-45 
min. The protoplasts were  lysed by addition of 4 ml of 10 
mM potassium phosphate buffer (pH 7.5) containing 15 
mM MgC12 per ml of protoplast suspension. The lysate 
was centrifuged at 105,000 g for 1 hr, the pellet was 
washed once with and suspended in 10 mM potassium 
phosphate buffer (pH 7.5), and aliquots were stored in 
liquid Nz. Both types of frozen membrane  preparations 
were  thawed only once and any remaining material was 
discarded. 

Preparation of [32P]phosphatidylserine and 
[32~]plasmenylserine 

For the  preparation of 32P-labeled serine phospholipids 
containing a mixture of diacyl and plasmalogen forms, M. 
ekdenii ATCC  17752  was  grown in the synthetic medium 
described by Forsberg (7). As detailed previously (Z), the 
medium contained: minerals 1, minerals 2, resazurin, 
glucose, amino acids (groups A, B, and C), volatile fatty 
acids, vitamins, and sodium carbonate. The phosphate of 
minerals 1 was reduced to 10% of the original and it was 
replaced by an equivalent amount of HEPES (N-2-hy- 
droxyethylpiperazine-N'2-ethane sulfonate). Cells were 
grown in 2 1 of  low phosphate medium containing 400-800 
pCi of '*Pi. The cells  were  washed in 50 mM phosphate 
buffer, pH 7.2, and the washed  cells  were extracted by the 
procedure of Folch,  Lees, and Sloane Stanley (8). The 
chloroform phase was concentrated, and the lipids were 
purified by CM-52 column chromatography using step- 
wise elution with solvents containing increasing percent- 
ages of methanol in chloroform according to the method 
described by Comfurius and Zwall (9) with minor varia- 
tions. Elution was as follows: fraction 1, chloroform, 100 
ml; fraction 2, 25% methanol in chloroform, 200 ml; 
fraction 3, 40% methanol in chloroform, 200 ml; fraction 
4, methanol, 100 ml. Fraction 2 contained the  ethanol- 
amine phospholipids and fraction 3 contained most of the 

serine phospholipids. The latter was enriched for plas- 
menylserine by selectively hydrolyzing phosphatidylserine 
with phospholipase A according to Waku and Nakazawa 
(10). [32P]Phosphatidylserine and [ 32P]phosphatidyletha- 
nolamine (diacyl forms) were prepared in a similar man- 
ner from M. e k h i i  ATCC  17752 after it had been sub- 
cultured several times in another medium (ll), which 
eventually yielded a strain without plasmalogens. The 
isolation and characterization of this strain will  be de- 
scribed in a subsequent publication. 

Preparation of vesicles 

Phospholipid vesicles  were prepared in 10 mM potas- 
sium phosphate buffer (pH 7.5)  by sonication for 22 min 
(Heat Systems Ultrasonics Model W220-F, setting be- 
tween 4 and 5), under nitrogen, in a test tube  surrounded 
by a chilled water bath. 

Enzyme assays 

Unless otherwise specified for individual experiments, 
the assay contained in 1.1 ml: potassium phosphate buffer 
(pH 7.5), 10 mM; MgC12,  15  mM; 2-mercaptoethanol, 4.5 
mM; serine phosphatide, 200 nmol; and  membrane  parti- 
cles or cell extract of C. butyricum ATCC  19398 (usually 
1-5 mg protein). They were incubated under nitrogen at 
37OC in a reciprocal shaking water bath for 30 min. The 
reaction was terminated by the addition of 4 ml of metha- 
nol and 2 ml of chloroform and  the lipids were extracted 
by the procedure of Bligh and Dyer (12). 

Thin-layer  chromatography 

The radioactive phospholipids were separated on plas- 
tic plates pre-coated with silica gel 60 (E. Merck). The 
solvent  systems  used  were: (A) chloroform-methanol-7 N 
ammonia 60:35:5 (vh) for one-dimensional chromatog- 
raphy and for the first dimension of two-dimensional 
chromatography; (B) chloroform-methanol-acetic acid 
65:25:8 (dv) for the second dimension of two-dimensional 
chromatograms. Alk-l-enyl ether lipids were  hydrolyzed 
between the first and second dimension runs by exposing 
the plates to HC1 fumes for 5 min in a glass chromatog- 
raphy tank, prewarmed in an 8OoC  oven for 5 min (4). 
The plates were  exposed to Kodak AR film, and  the radio- 
active spots were cut out  and counted in OCS liquid scin- 
tillation fluid (Amersham). 

RESULTS 

As  will be shown  below, phosphatidylserine decarbox- 
ylase of C. butyricum catalyzed the decarboxylation of both 
phosphatidylserine and plasmenylserine. Unless other- 
wise noted, the studies reported here were conducted 
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using phosphatidylserine as substrate. For optimum de- 
carboxylase activity, a divalent cation (see below), 
2-mercaptoethanol, which stimulated the activity of lysed 
protoplasts approximately 20%, and anaerobic conditions 
were routinely used. Decarboxylation catalyzed by lysed 
protoplasts was 1.8 and 2.5 times greater under N2 than 
in air in 1- and 2-hr incubations, respectively. The activity 
was characterized in cell extracts obtained by osmotic 
disruption of protoplasts or by use of a French pressure 
cell. No significant differences were noted in these activ- 
ities except that the latter gave more consistent specific 
activities, presumably because the extent of protoplast 
formation was not reproducible from one preparation to 
the next. Intact protoplasts did not decarboxylate phos- 
phatidylserine. Upon treatment at 6OoC for 15 min, 
membrane particles lost decarboxylase activity completely. 
Under standard conditions, the decarboxylation of phos- 
phatidylserine was linear for 30 min of incubation and 
enzyme activity was usually linear up to 4 mg of protein 
per 1.1 ml assay. The initial velocity of the reaction was 
proportional to the substrate concentration up to 180 /AM 
phosphatidylserine. 

The enzyme activity was localized in the membrane 
fraction (105,000-g pellet); no activity was detected in the 
soluble 105,000-g supernatant fraction. Reconstitution of 
cell extracts after centrifugation at 105,000 g by adding 
the supernatant fraction, with or without heat treatment, 
to the particulate fraction did not change the activity 
(data not shown), suggesting that the soluble fraction did 
not contain any co-factor required for the activity. 

Several bivalent metal ions increased the enzyme ac- 
tivity. Among the metal ions tested, Ba2+ was more effec- 
tive than M f ,  and Cu2+ completely inhibited the enzyme 
activity at 15 mM. Mg2+ produced optimum activity at 15 
mM (Fig. 1). In a separate experiment with lysed proto- 
plasts, Mn2+ at 15 mM stimulated the enzyme 24% com- 
pared with 102% for Mg2+, 170% for Ca2+, and 247% for 
Ba2+ at the same concentration. 

The effect of varying the potassium phosphate concen- 
tration in the assay from 5 mM to 50 mM using a buffer 
of pH 6.5 was studied. The activity remained unchanged 
between 5 mM and 30 mM potassium phosphate; how- 
ever, further increases to 50 mM resulted in a 30% in- 
crease in activity. Using 50 mM potassium phosphate 
buffer, the activity had a broad pH optimum range 
around pH 6.8. At pH 6.3 and pH 7.35 the activity was 
65% and 69%, respectively, of the optimum activity at pH 
6.8. MES-KOH and Tris-HC1, the two other buffers 
tested at 50 mM in the pH range overlapping that of 
KP04, showed inhibitory effects resulting in approxi- 
mately 50% lower activity compared to that of phosphate 
buffer. 

In addition to measuring the decarboxylation product, 
[32P]phosphatidylethanolamine, the stoichiometry of the 

5 15 30 
Metal ion concentration [ mM] 

Fig. 1. Bivalent metal ion dependence of phosphatidylserine de- 
carboxylase. Bivalent metal ions ( 0  - @, Ba"; .- ., Mg"; 
A - A, Ca") were added at the concentrations shown. Phoaphatidyl- 
serine isolated from "P-labeled M C g a p b  c l r h i i  was used for the 
preparation of substrate vesicles. 

assay was examined by measuring 14C02 release and 
[ 14C]phosphatidylethanolamine formed by decarboxyla- 
tion of dioleoyl phosphatidyl-[U-"Clserine diluted with 
bovine brain phosphatidylserine. All three products were 
formed in parallel (Fig. 2), however at any time of incuba- 
tion, the activity using [32P]phosphatidylserine isolated 
from M. ehhii as substrate, was twofold higher compared 
to dioleoyl phosphatidylserine diluted with bovine brain 
phosphatidylserine. A similar inhibition was also observed 
when phosphatidylserine isolated from M. ehdenii was 
diluted with bovine brain phosphatidylserine (Fig. 3). 

Inhibition of the decarboxylase was observed at 1 mM 
and 5 mM concentrations of hydroxylamine, pHMB, and 
NEM. As shown in Bble 1, hydroxylamine completely 
inhibited the enzyme activity at 1 mM, pHMB did not 
inhibit at 1 mM but completely inhibited at 5 mM, 
whereas NEM partially inhibited to the extent of 20% 
and 47% at 1 mM and 5 mM, respectively. 

Under the assay conditions for optimum activity, no 
detectable amounts of plasmenylethanolamine were formed 
when phosphatidylserine was used as substrate. However, 
when plasmenylserine was present in the substrate, it was 
decarboxylated to plasmenylethanolamine (Table 2). The 
proportion of plasmenylethanolamine formed was higher 
than the proportion of plasmenylserine present, when the 
two substrates were present in approximately equal 
amounts (Table 2A, lines 1 and 2; Table 2B, lines 1 and 
2), but not at higher ratios of diacyl to plasmalogen sub- 
strate (Table 2A, lines 3 and 4, Table 2B, line 3). 
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Fig. 2. Stoichiometry of phosphatidylserine decarboxylase. The 
assays contained in 1.1 ml: potassium phosphate buffer (pH 7.5), 10 mM; 
MgClZ, 15 mM; 2-mercaptoethanol, 4.5 rnM; phosphatidylserine (a) 
isolated from 32P-labeled Megu$/uaera clrdtnii and (b) dioleoyl phospha- 
tidyl-[U-L'C]serine diluted with bovine brain phosphatidylserine (1:545 
molar ratio), 200 nmol; membrane particles obtained from a French 
press lysate, 1.45 mg of protein. Incubations were in a nitrogen atmo- 
sphere  at 37OC. (a) With 32P-labeled phosphatidylserine vesicles, the 
reaction was terminated by addition of 4 ml  of methanol and 2 ml  of 
methanol-chloroform and the lipids were extracted by the Bligh and 
Dyer procedure. (b) With dioleoyl phosphatidyl[U-"Clserine; incuba- 
tions were done in Warburg flasks. Released [L4C]COz was trapped in 
0.2 ml  of hydroxide of hyamine placed in the central well. The reaction 
was stopped by addition of 1 ml  of 2 N HZSO, contained in the side arm. 
The flasks  were  kept at room temperature after terminating the reaction, 
to allow  all the COz to be trapped: A - A, [32P]phosphatidylethanol- 
amine; .- phosphatidyl[U-"C]ethanolamine; 0 - 0 ,  ["C]COZ. 

Effects of detergents 
The effects of several detergents on phosphatidylserine 

decarboxylase activity were tested. As shown in Table 3, 
all detergents at all concentrations tested resulted in 
decreased yields of phosphatidylethanolamine. The ionic 
detergents,  sodium dodecyl sulfate and cetyl trimethyl- 
ammonium  bromide, were strongly inhibitory. The non- 
ionic detergents, Brij 35 and Tween 80, inhibited partially. 
The effects of the  nonionic  detergents,  Triton X-100 and 
Cutscum, were complex. At higher  concentrations of 
these detergents,  large  amounts of  "P were found  in lipids 
other  than  phosphatidylethanolamine. The amounts of 
radioactivity in these products increased with increasing 
detergent  concentration above 0.2  mg/ml. The percentage 
input radioactivity found in these compounds  at 1.2 mg/ml 
Triton X-100 and their  chromatographic mobilities are 
shown in Table 4. Similar results were obtained with 
Cutscum  (not shown). Although decreased formation of 
phosphatidylethanolamine was observed at 0.2 mg/ml 
Triton X-100, at which there was no significant diminu- 

tion of substrate  concentration  as  a result of other reac- 
tions (data not shown), part  or all of the  apparent  inhibi- 
tion of phospatidylserine decarboxylation could have been 
due  to  the conversion of phosphatidylethanolamine to 
other  products  at this and  at higher  concentrations of 
Triton X-100. Additional experiments will be needed to 
elucidate  the kinetics of Triton X-100 inhibition. The 
major unknown (I)  ran  near the solvent front  in solvent A 
and its mobility resemb1ed;that of Triton X-100. In  order 
to  determine  whether thq formation of these products 
depended  on phosphatidylserine as precursor, similar 
experiments were carried  out with [3PP]phosphatidyletha- 
nolamine. Products of approximately  the  same mobility 
in solvent A were formed. A similar set of products was 
obtained when the assay was carried  out with [32P]phos- 
phatidylserine, Triton X-100 (1.2 mg/ml),  and hydroxyl- 
amine (5  mM). These observations strongly suggest that 
these reactions were not dependent  on the decarboxylation 
of phosphatidylserine and  that the  phosphate  group of 
phosphatidylserine and phosphatidylethanolamine  can be 
transferred to similar acceptors or the  parent lipids can 
undergo  similar  transformations in the presence of these 
nonionic  detergents. 

DISCUSSION 

The membranes of C. butyricum decarboxylated plas- 
menylserine and phosphatidylserine. From  the results 
shown in Table 2A, it appears  that total decarboxylation 
was little affected by variation in the plasmeny1serine:phos- 
phatidylserine  ratio in the  substrate vesicles. This  and the 

mole  fraction  M.elsdenii PS 

Fig. 3. Phosphatidylserine decarboxylase activity as a function of 
the molar ratios of phosphatidylserine from bovine brain and that from 
Megaphaera elrdmii. A total of 200 nmol of phosphatidylserine was added 
in varying molar ratios as shown. Particles, obtained from a French press 
lysate, 1.5 mg protein. Incubations, in duplicate, were  for 1 hr. 
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TABLE 1. Effect of enzyme  inhibitors on TABLE 2. Decarboxylation of phosphatidylserine and plasmenylserine 
phosphatidylserine  decarboxylase  mixtures of varying  composition 

Inhibitor 
Inhibitor 

Concentration Activitv 
A. Decarboxylation by membrane particles obtained from a French press lysate 

Hydroxylamine 

pHMB 

NEM 

mM 

1 
5 
1 
5 
1 
5 

'70 of control 

0.31 f 0.10 
0.38 0.31 
99.2 -t 3.6 
0.18 0.17 
80.9 _+ 2.0 
52.8 k 0.9 

Assay conditions were the  same  as  the  standard assay except that  the 
potassium  phosphate buffer added was 50 mM. Membrane particles, 1.4 
mg of protein,  were  obtained  from  a  French press lysate.  Incubations, 
in  duplicate, were for 30 min.  The specific activity of the  control was 
0.69 nmol  phosphatidylethanolamine  formed/mg  protein  per  min. 

similar  turnover  rates of phosphatidylserine and plas- 
menylserine in vivo (4) suggest that  either  the  same  pro- 
tein catalyzes the  decarboxylation of both  serine  phospho- 
lipids in C. butyricum or that  there are two proteins with 
very similar specific activities. An  argument for the  former 
is that  the E. coli enzyme actively decarboxylates plas- 
menylserine (ll), a  lipid which is not a natural  substrate 
for that  organism. 

The enzyme  from C. butyricum was different from that 
of S. ruminantium (13) and E. coli (14, 15) in its response to 
bivalent metal ions and Triton X-100. Bivalent metal ions 

Serine Phosphatide 
Diacy1:Plasmalogen 15 Minutes 30 Minutes 

Molar Ratio in Phosohatidvl-  Plasmenvl-  Phosnhatidvl-  Plasmenvl- . ,  
Substrate Vesicles ethanolamine  ethanolamine  ethanolamine  ethanolamine 

. ,  
nmolfonned/mg protein 

42:58 6.9 16.6 17.8 25.6 
50:50 8.4 12.5 17.3 21.7 
75:25 17.3 5.9 31.3 10.1 
90: 10 19.3 1.4 38.9 3.8 

B .  Decarboxylation by membrane particles obtained from a protoplast lysate 

Diacy1:Plasmalogen 
Serine Phosphatide 

1 Hour 

Substrate Vesicles ethanolamine ethanolamine 
Molar Ratio in Phosphatidyl- Plasmenyl- 

nmol f o n e d / m g  protein 

41:59 3.0  6.1 
54:46 3.0  3.6 
96:4 6.0 0.3 

Assay conditions  were  the  same  as  the  standard  assay. A: The assay 
volume was 0.55 ml  and  varying  ratios of phosphatidylserine  and plas- 
menylserine  were  made by adding M .  elsdmii phosphatidylserine to the 
mixture of diacyl and  plasmalogen  obtained from wild type M. elsdmii. 
Protein used was 0.375 mg/assay. B: The  substrate  from wild type M .  
elsdenii was enriched with plasmenylserine by selective hydrolysis of phos- 
phatidylserine by phospholipase AI.  The assay volume was 1 . 1  ml and 
the  protein  added was 3.85 mg/assay. 

inhibited  the  activity from S. ruminantium and were not 
required for the E. coli enzyme. The enzyme from both of 

Similar  requirements were found in other  gram-negative 
species (16). Among  gram-positive  organisms,  the  enzyme 
has been characterized in two species of Bacillus. In  an 
unidentified Bacillus sp. the activity was stimulated by 
Mg2' and  detergent was required when the  substrate was 
presented in the form of lipid dispersions, but  not when 
the  substrate was generated  endogenously (17). The  en- 
zyme from Bacillus  megaterium did  not  require  a divalent 

The decarboxylation of phosphatidylserine in C. butyri- 

phosphatidylserine in cells (4). This is also true for E. coli, 
in which there  appears  to  be  a  large excess  of the  enzyme 
(20). The specific activity of the  enzyme  in  crude  mem- 
branes of E. coli is 40- to 50-fold greater  than  that mea- 
sured in the most active preparations from C. butyricum 
(40 to 50 vs 1 nmol/min  per mg of protein) (20). The 
activities we have measured in C. butyricum ATCC 19398 
and in the closely related C. beijerinckii  (butyricum) ATCC 

these gram-negative species  was activated by Triton X-100. cum is rapid to in no Pool Of 

cation and was inhibited by Triton X-100 levels above 0.2 
mg/ml (18). The enzyme in Clostridium perfringens was 
found  to be active in the presence of Triton X-100 when 
phosphatidylserine was generated in vitro by envelope 
particles (19). 

The involvement of a carbonyl group in the decarboxyla- 
tion reaction is indicated by its hydroxylamine sensitivity 
in  vitro and by accumulation of phosphatidylserine in the 
presence of hydroxylamine in vivo (4). This characteristic 
is shared by  all  of the  bacteria  that have been  studied (12, 
16, 19). NEM  and  pHMB also inhibited  the  enzyme 
activity (Table 1) indicating  the presence of a sulfhydryl 
group  that is required for activity in the C. butyricum 
decarboxylase. Stimulation of decarboxylation by mer- 
captoethanol  may be related  to  the sulfhydryl group 
requirement. 

TABLE 3. Effects of detergents on phosphatidylserine decarboxylation 

Concentration 
~ ~~~ 

Detergent 0.2 mglml 0.6 mglml 1.2 mglml 

nmole phosphatidylethanolamine formed 

SDS 0 0 0 
CTMAB 0 0 0 
Triton X-100 0.86 (13) 1.8 (26) 1.7 (25) 
Brij 35 0.94 (14) 0.26 (4) 1.8 (26) 
Tween 80 2.8 (41) 1.1 (16) 1.0 (15) 
Cutscum 2.8 (41) 3.7 (54) 2.4 (36) 

The standard assays contained  membranes from lysed protoplasts, 
1.96 mg of protein.  Incubations were done  in  duplicate  for 1 hr.  The 
control without detergent gave 6.85 nmol phosphatidylethanolamine. The 
numbers in parentheses represent percent of control value. Abbreviations: 
SDS,  sodium dodecyl sulfate; CTMAB, cetyl trimethylammonium 
bromide. 
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TABLE 4. Formation of unidentified  reaction  products  in  the Dresence 
of [SzP]phosphatidylserine  and Tnton X-100 

% Composition of "P-Labeled 
Unidentified  Reaction  Products 

Reaction 
Products Rj 

Without  With 1.2 mg/ml 
Triton X-100 Triton X-100 

Unknown I 0.85 n.d. 27.1 
Unknown I1 0.52 0.03 9.0 
Unknown I11 0.15  0.22  2.8 

The  assay  conditions were the  same as the standard assay  except  that 
Triton X-100 was  added  to  the assays at  the  concentration  shown.  Results 
were  calculated as percentage of radioactivity  added to the  assay  in  the 
form of ["P]phosphatidylserine.  Lysed  protoplast  membranes, 2.8 mg 
of protein, were added to each incubation. Duplicate  incubations were 
done for 30 min. The Ryof phosphatidylethanolamine was 0.43; n.d., 
not determined. 

6015 (data not shown) in this study are  about 100-fold 
greater  than those found in  our earlier studies of the  latter 
strain (1, 2). Some of the differences in  the results of the 
two studies can be ascribed to the presence of inhibitory 
concentrations of Triton X-100 in the coupled assays  used 
in most of our earlier studies, the use of  lower concentra- 
tions of phosphatidylserine previously, and  the use of 
extracts and particles stored at - 2OOC.  We have observed 
that storage of membrane  preparations from C. butysicurn 
ATCC  19398 at -2OOC results in a loss of 80% of the 
activity in 7 days compared to no loss in liquid nitrogen. 

In contrast to most bacteria that have phosphatidyl- 
ethanolamine  and no or very little phosphatidylserine, 
several anaerobic bacteria including S. ruminantiurn, A n m -  
vibrio  lipobtica, M. elsdcnii, and V pasvula have  23 to 36% 
phosphatidylserine (14,  21). These organisms, understand- 
ably,  have low phosphatidylserine decarboxylase activities 
(2, 13).  Langley, Yaffe, and Kennedy (18) have demon- 
strated an inverse relationship between the phosphatidyl- 
serine content of various strains of Bacillus mgaterium and 
their decarboxylase activities. The regulation of the ac- 
tivity of this enzyme and the expression of the gene in 
bacteria clearly need to be explored further. 

The formation of a series of radioactive lipid products 
other  than phosphatidylethanolamine from [32P]phospha- 
tidylserine in the presence of Triton X-100 and  Cutscum 
is a novel finding of our study. The  nature of these 
products  and  the mechanism of their formation are of 
interest. Although they may represent artifacts induced 
by the presence of these surfactants, it is possible that  the 
reactions observed represent unmasking of activities 
normally present in these cells,  which are cryptic in mem- 
brane  preparations  incubated without detergent. These 
reactions will be the subject of future studies. I 
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