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Direct Incorporation of Fatty Acids into the 
Halosulfatides of Ochromonas darzicat 

Carolyn L. Mooney, Eileen M. Mahoney,$ Manuel Pousada, and Thomas H. Haines* 

ABSTRACT : The lipids of the phytoflagellate, Ochromonas 
danica, contain large amounts of docosane 1,14-disulfates 
and tetracosane 1,15-disulfates with from 0 to 6 hydrogens 
on the chain replaced with chlorine atoms. [ I4C]Acetate, 

4C]octanoate, [' 4Cllaurate, [14C]palmitate, [14C]stearate, 
and [ 4C]01eate were incorporated into these sulfatides from 
the media. Each of these precursors was utilized for the 
biosynthesis of the fourteen disulfates investigated with a 
virtually identical labeling pattern. Incorporation was con- 

A unique series of lipids has been characterized in the 
photosynthetic protozoan, Ochromonas danica. These polar 
lipids are polychlorodocosane 1,14-disulfates and tetracosane 
1,15-disulfates with from 0 to 6 chlorine atoms replacing 
hydrogens on the aliphatic chain (Elovson and Vagelos, 
1969, 1970; Haines, 196.5, 1971; Haines et al., 1969; Mayers 
and Haines, 1967; Mayers et al., 1969; M. Pousada, B. Das, 
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firmed by degradation of the product. Palmitate was 
most efficiently incorporated into the sulfatide fraction 
and stearate was least efficiently utilized for sulfatide bio- 
synthesis. These data show that (1) the carbon chain is bio- 
synthesized using the normal fatty acid pathway; (2) the 
secondary hydroxyl group is put on the chain after the chain 
is fully synthesized oia the hydration of a cis double bond; 
(3) the fatty acid chains are chlorinated after the chains are 
fully synthesized. 

and T. H. Haines, personal communication). The lipids are 
unique as polar lipids because they (a) are alkyl sulfates, 
(b) contain polar (charged) groups at both ends of the 
molecule, and (c) contain up to six chloro groups on the 
chain. Each series may be considered as derivative of the 
hexachlorosulfatides 2,2,11,13,15,16-hexachloro-l,14-doco- 
sanediol 1 ,14-disulfate (Elovson and Vagelos, 1970) and 
2,2,12,14,16,17-hexachloro-l,15-tetracosanediol 1,15-disulfate 
(Haines, 1971). Other compounds in the series have been 
shown to contain chlorine atoms on the respective alkyl disul- 
fates in various combinations of the positions described above 
(Haines, 1971). 

of the 
dry weight of the cells (Elovson and Vagelos, 1969) or 10-20z 
of the lipids. The occurrence of such large amounts of a polar 
lipid in a microbe suggests that the lipid is present in mem- 
brane. The location of these compounds in the cell and their 
function is as yet unknown. The study of the biosynthesis 
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tinal concentration of ethanol in the media was 1 %. Final 
concentrations of fatty acids in the media were as follows: 
[l-"C]acetate (20 pCi), 0.071 mM; [l-"C]octanoate (20 pCi), 
0.112 mM; [I-14C]laurate (50 pCi), 0.179 mM; [16-W]pal- 
mitate (50 pCi), 0.098 mM; [I-"C]stearate (50 pCi), 0.109 
mM; [lE-"C]stearate (50 @i), 0.091 mM; and [l-"C]oleate 
(50 pCi), 0.0087 mM. Radioactive acids were added to the 
medium preceding inoculation and incubated for 5 days, 
except in the cases of acetate and oleate, in which the acids 
were added to  cultures of approximately 2-days growth. 

Isolation of Chlorodiols. Cells were harvested by centrif- 
ugation at 9000g for 10 min at 4". The cells were washed 
twice with deionized water by suspension and centrifugation 
as before. The pellet was then extracted with chloroform- 
methanol, by the method of Folch et a!. (1957). The entire 
procedure was conduced under nitrogen to protect the poly- 
unsaturated fatty acids from oxidation. The sulfolipids appear 
in the upper phase of the partitioned Folch extract. These lipids 
were recovered from this fraction and solvolyzed in aqueous 
dioxane to yield diols (Mayers et ul., 1969). When solvolysis 
is conducted on micro amounts of sulfate esters it is difficult 
to maintain the water concentration at appropriate levels. 
It was found desirable to add a very small amount of acid 
(approximately 0.01 M or less, final concentration) to re- 
liably obtain solvolysis products (Goren, 1971). Diols were 
separated by two-dimensional chromatography. The mono- 
chlorodiol was scraped from the chromatogram and cleaved 
as described below. 

Degradation of Labeled Chlorohydrins. The procedure 
used is essentially that of Kusamran and Polgar (1971). The 
chlorohydrin was allowed to stand overnight in 2 ml of 0.5 
M KOH in methanol. After addition of 2 ml of water, the 
epoxide was extracted with ether, back-washed with water, 
dried over anhydrous sodium sulfate, and evaporated under 
a stream of N1. 

A suspension of periodic acid in ether was made by stirring 
100 mg of HJO, in 10 ml of dry ether vigorously for 1 hr. 
This suspension ( 5  ml) was added to the labeled epoxide in 
ether and stirred vigorously for 1 hr. An equal volume of 
water was added and separated:*The ether was back-washed, 
dried, and evaporated as before;? 
Separation of Aldehyde Pro&cfZ The resulting aldehydes 

were separated on tlc using etherihexane (3:7, v/v) as the 
solvent system. Standards were ruti'on the same plate and 
visualized using 1 2,4-dinitrophenylhydrazine (w/v) in 
2 N HCI in 75 % ethanol (v/v). The corresponding unvisualized 
areas were then scraped from the plate and counted in a liquid 
scintillation counter. 

FIGURE 1:  Autoradiogram of diols obtained after [l-"C]laurate 
feeding. The extracted sulfatide fraction was solvolyzed to diols. 
The chromatogram was developed vertically in ether-hexane (3 :7, 
v/v), then horizontally in benzene~hloroform-methanol (50:40:1, 
v/v), and then vertically again in the ether-hexane solvent. 

of these substances is of interest in that it may suggest the 
design of specific inhibitors which would help elucidate the 
role of the chlorosulfolipids in the cell. 

Materials and Methods 

[I-"ClAcetate (specific activity 28.0 Ci/mole), [I-"Cloc- 
tanoate (specific activity 1.99 Ci/mole), and [l-"Cllaurate 
(specific activity 28.8 Ci/mole) were purchased from Calbio- 
chem (Los Angeles, Calif.). The radioactive purity of each 
was >99, >98, and >99%, respectively, as demonstrated by 
thin-layer chromatography (tlc) and gas-liquid chromatog- 
raphy (glc). [16-14ClPalmitate (specific activity 51 Ci/mole), 
[l-*'C]stearate (specific activity 46 Ci/mole), and 118-"C]- 
stearate (specific activity 55 Cilmole) were purchased from 
New England Nuclear (Boston, Mass.). The radioactive 
purity of each was >98, >99, and >99%, respectively, as 
demonstrated by tlc and plc. [l-L4C]Oleate (specific activity 
52.2 Cilmole) was purchased from Applied Science Labora- 
tories, Inc. (State College, Pa.). Its radioactive purity was 
>99 %, as demonstrated by tlc and glc. 

Dioxane, reagent grade, was distilled over lithium alu- 
minum hydride and stored at 4" under NI. Ether, hexane, and 
benzene were redistilled before use. TIC was conducted on 
silica gel F-254 on either glass plates or plastic sheets pur- 
chased from Brinkmann Instruments, Inc. Two-dimensional 
chromatograms were developed vertically in ether-hexane 
(3 :7, vlv), then horizontally in benzene-chloroform-meth- 
anol (50:40:1, v/v), and then vertically again in the ether- 
hexane solvent. 

Radiocounting was conducted on a Nuclear-Chicago auto- 
matic planchet counting system with a D-47 Geiger Muller 
counter or on a Nuclear-Chicago scintillation counter. Auto- 
radiograms of tlc's were obtained using Picker No-Screen 
X-ray film. 

All other chemicals were reagent grade and obtained com- 
mercially. 

Incubations. Ochromonas danica was grown axenically in a 
chemically detined medium (Aaronson and Baker, 1969) 
(PH 4.5) at 26" under constant illumination of 125-150 ft- 
candles of light. 

The fatty acids were added dissolved in 80% ethanol. The 
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Results 

All of the ['(Clfatty acids were incorporated into the lipids 
of 0. danica after 5-days incubation in the medium. This 
was confirmed in each case by a two-dimensional autoradio- 
gram of the solvolyzed disulfates (diols). An example of the 
pattern obtained in this procedure is shown in Figure 1. 
Similar autoradiograms were obtained by incubating each 
of the labeled precursors with cells and following the same 
procedure. 

The relative distribution of the radioactivity incorporated 
into the various lipid fractions after the [l-"Clacetate feeding 
is summarized in Table I. The lower phase of the Folch ex- 
tract contains the bulk of the radioactive material. Approxi- 
mately 20% of the label occurs in the upper phase of the Folch 
extract, the sulfolipid fraction. After hydrolysis of the upper 
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TABLE I :  Incorporation of [l-14C]Acetate. 

Fraction Total Counts Percentage 

Total lipid 371,500 100 
Lower-phase Folch 245,900 66 
Upper-phase Folch 77,300 21 
Solvolysis 

HzO layer 0 0 
Ether layer 82,000 22 

TABLE 11: Incorporation of [l-14C]Laurate. 

Fraction Total Counts Percentage 

Total lipid 22,000, OOOU 100 
Lower-phase Folch 19,360,000 88.0 

Upper-phase Folch 2,156,000 9 . 8  
Solvolysis 

HzO layer 324,000 1 . 5  
Ether layer 1,450,000 6 .6  

(phospholipids, etc.) 

a Value based on total of upper- and lower-phase Folch. 

phase, all the radioactivity is found with the diols in the ether 
phase. The distribution data obtained from the [l-lC]Iaurate 
feeding is summarized in Table 11. The incorporation data are 
similar to that of the acetate feeding, although the amount of 
radioactivity in the upper phase of the Folch extract is 10%. 
The radioactivity in the aqueous layer after solvolysis is due 
to incomplete solvolysis of the sulfolipid. Similar incor- 
poration data are obtained from the [16- 4C]palmitate feeding 
(Table 111), and from the [l-l4C1stearate and [18-14C]stearate 
feedings (Table IV). A pattern similar to that of the laurate 
feeding is found for these feedings, although the values show 
quantitative differences. 

Earlier work (Haines, 1965; Haines and Block, 1962) had 
indicated that the sulfatides are excreted into the medium of 
the culture. The culture medium was therefore acidified with 
hydrochloric acid to form a 1 N solution, refluxed 2 hr, and 
extracted with ether. In each case a pattern similar to that in 
Figure 1 was obtained, confirming that the sulfatides were 
synthesized from the labeled precursor and excreted into the 
medium. 

TABLE III: Incorporation of [16-14C]Palmitate. 

Fraction Total Counts Percentage 

Total lipid 2,407,200 100 
Lower-phase Folch 2,052,750 85.3 

Upper-phase Folch 368,350 15.3 
Solvolysis 

H20 layer 43,500 1 . 8  
Ether layer 187,500 7 . 8  

(phospholipids, etc.) 

TABLE IV: Incorporation of [l-14C]Stearate and [18-14C]Stearate. 

Total Percent- 
Fraction Sample Counts age 

Total lipid [ 1 -I4C]Stearate 2,819,000 
[18-14C]Stearate 9,753,000 

Lower-phase Folch [l-14C]Stearate 2,401,000 
(phospholipids, etc.) [18-14C]Stearate 8,969,000 

Upper-phase Folch [l-14C]Stearate 143,000 
[18-14C]Stearate 345,000 

Solvolysis 
HzO layer [l-14C]Stearate 45,000 

[ l  8-14C]Stearate 40,000 
Ether layer [l-14C]Stearate 91,000 

[18-l 4C]Stearate 266,000 

100 
100 
85.2 
92.0 

5 .1  
3 .5  

1 . 6  
0 . 4  
3 .2  
2 .1  

Table V shows the results obtained from the degradation of 
the monochlorodiols after the incorporation of various fatty 
acid precursors. In each case, the radioactivity was found in 
the appropriate cleavage product expected for incorporation 
of the intact fatty acid chain (Scheme I). The data for the 
degradation of monochlorodiols obtained from the laurate 
feeding show that the maximum amount of random incorpora- 
tion of acetate units into the chain was under 10% after 5- 
days incubation. The low value of counts obtained in the 
[18-l Qtearate experiment is presumably due to the volatility 
of nonanal (I) and to the low level of activity in the isolated 
chlorohydrin. 

Discussion 

In order to establish the biosynthetic pathway for the 
chiorosulfatides, one must fir st determine the route used for 
the formation of the carbon chain. The incorporation of ace- 
tate and octanoate into the sulfolipids implies that the chain 
is synthesized by the usual fatty acid synthesizing enzymes. 
The label pattern shown in Figure 2 is that expected for the 
sulfolipid after incorporation of [l-14C]acetate or [1-14C]- 
octanoate. 

Where it has been investigated, the mechanism for the 
biosynthesis of all sulfate esters to date has involved the trans- 

SCHEME I 

OH 
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H 

H OH 

r II 
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TABLE v : Cleavage of I4C-Labeled Monochlorodiols Obtained from Four Radioactive Studies. 

Incorp of Incorp of Incorp of 
Incorp of [l-14C]Acetate [l-14C]Laurate [18-14C]Stearate [1-14C]01eate 

_____ - 
Actual Expected Actual Actual Actual 

Per- Per- Per- Per- Per- 
Fragment' Counts centage centage Counts centage Counts centage Counts centage 

I 205 28 36 125 6 100 100 10 2 
I1 525 72 64 2300 94 0 0 409 98 

a Fragment I is nonanal or decanal; fragment I1 is 13-hydroxytridecanal or 14-hydroxytetradecanal. 

fer of sulfate from 3 '-phosphoadenosine 5 '-phosphosulfate 
to a hydroxyl group. Assuming this reaction occurs here, the 
next step in elucidating the biosynthesis of the chlorosul- 
folipids would be that of establishing the mechanism for 
placing the secondary hydroxyl group on the chain. The pri- 
mary hydroxyl group is assumed to be obtained by a reduction 
of the carboxyl group on the fully synthesized alkyl chain. 
The secondary hydroxyl group can be added to the chain as 
it is being synthesized or it can be placed on the chain after 
the synthesis of the chain is completed. 

Figure 3 shows the location of the 14C label in the sulfo- 
lipid if the long-chain fatty acids were incorporated intact. 
This route would imply that the entire chain, or at least a 
major part of it, is synthesized before the hydroxyl group is 
placed on the chain. An incorporation of this sort rules out 
an anaerobic mechanism for the introduction of the hydroxyl 
group. Long-chain saturated fatty acids were fed to the or- 
ganism and were found to be incorporated into the sulfo- 
lipids. A question remained, however, as to whether the in- 
corporation occurred cia elongation or cia degradation and 
de noco synthesis. The distributions of radioactivity in the 
various lipid fractions were virtually identical in the carboxy- 
labeled stearate feeding and the methyl-labeled stearate feed- 
ing (Table IV). The chlorodiol patterns obtained on two- 
dimensional chromatograms were also identical. These data, 
together with that obtained by Gellerman and Schlenk (1972) 
on the elongation and conversion of stearic acid and other 
fatty acids in 0. danica, suggest that the fatty acids are in- 

I - C l 4 -  A C E T A T E  

1 
22 so; 

l - C ' 4 - O C T A N O A T E  

1 
2 

FIGURE 2: Diagram of labeled acetate and octanoate incorporation 
into sulfolipid. 
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corporated intact. In their experiments the fatty acids were 
shown to be converted directly by elongation and desatura- 
tion to other acids such as arachidonic acid. This was demon- 
strated by ozonolysis, oxidation, and radiocounting of the 
isolated fragments. Their conditions of incubation of the 4C 
precursors were virtually identical with ours (their 3-day incu- 
bations were somewhat shorter than our 5-day incubations) 

To unequivocally establish the intact incorporation of the 
long-chain fatty acid into the sulfolipid, a degradation of the 
monochlorodiols from four radioactive feedings was per- 
formed. The location of the [l-14C]laurate label, as predicted 
on the basis of intact incorporation, may be followed through 
the degradation of 13-chloro-l,14-docosanediol in Scheme I .  
Note that this label, in addition to the [l-l*C]stearate and 
[l- lC]oleate labels should have appeared in 11, whereas, 
ideally, no radioactivity should have been found in I. In con- 

oso; 
1-ci4- L A U R A T E  + 22-i 

22 
16 - C "-PAL M I T  A T  E 3 

1- C " - S T E A R A T E  + 

22 oso; 1 8 - C "  - S T E A R A T E  3 

FIGURE 3: Diagram of labeled palmitate and stearate incorporation 
into sulfolipid. 

&OOH 

d OLEIC 

H 

1 4 - H Y D R O X Y  C22 S E R I E S  

VH 
1 5 - H Y D R O X Y  C 2 4 S E R I E S  

FIGURE 4: Diagrammatic representation of the proposed incorpora- 
tion of oleic acid into the two series of chlorosulfatides. Incorpora- 
tion occurs by hydration of the double bond of oleic acid. The small 
arrows indicate the position of C-9 of oleic acid in each diol after 
elongation of the chain to 22-24 carbons. 
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c, --+A M O O H  -OLEIC ACID - 

C H L 0 R O P E  R OX I D ASES 

- + + +  

FIGURE 5 :  Proposed biosynthetic pathway for the chlorosulfolipids. 

trast, the [ 1-1C]octanoate, [16- lC]]palmitate, and [18- e ] -  
stearate labels should have appeared in I, whereas I1 should 
have been devoid of radioactivity. Approximately (or 
3 6 z )  of the combined radioactivities of the two fragments 
should have been present in I and 'ill (or 64%) in I1 after 
degradation of the monochlorodiols of cells grown in [1-14C]- 
acetate. The results obtained from the degradations are shown 
in Table V and intact incorporation of all of the fatty acids 
tested into the sulfolipids is indicated. 

The capacity of the organism to incorporate the labeled 
fatty acids into chlorosulfolipids is summarized in Table VI. 
A decrease in the incorporation of labeled fatty acids into 
sulfolipid as chain length increased might be expected. It is 
interesting to note that [14C]palmitate is incorporated effi- 
ciently, while the labeled stearates are incorporated to a smaller 
extent. A difference in the metabolism of these fatty acids 
normally present in the cell would explain the results. Stearate 
was found by Gellerman and Schlenk (1972) to be a poorer 
precursor for conversion into the polyunsaturated fatty acids 
than palmitate. 

There are two groups of chlorosulfatides in the mixture. 
The dominant series is that of the 1,14-docosanediol 1,14- 
disulfates. The second series is a mixture of 1,15-tetracosane- 
diol 1,15-disuIfates. Since the fatty acid synthesizing enzymes 
are utilized to make the chain, it is somewhat surprising that 
the difference in the location of the secondary sulfate in these 
two series should be one carbon. Thus the length of the meth- 
ylene chain for the tetracosane series, both proximal and distal 
to the secondary sulfate is greater by one carbon than that 
for the docosane series. Furthermore these two series are the 
only ones found in the organism. It would appear from this 
structural pattern that the hydroxyl group is introduced on 
the saturated chain. The introduction might occur by direct 
hydroxylation or by desaturation followed by hydration, 
with the hydroxyl on the distal carbon in the docosane series 
and on the proximal carbon in the tetracosane series. The 
latter was found to be the case by degradation of the mono- 
chlorodiols obtained from the [ 'Cloleate feeding. The addi- 
tion of a molecule of water to the cis double bond might occur 
in either of two ways (Figure 4). The substitution of the OH 
on the ninth carbon from the methyl end of the fatty acid 
would be appropriate for the formation of the sulfate ester 

at C-14 in the CZZ series of sulfolipids. The substitution 
of the OH on the tenth carbon from the CH, terminus would 
be appropriate for the formation of the sulfate ester at (2-15 
in the CZ4 series of sulfolipids. It is not known whether elonga- 
tion to CzZ or CZ4 occurs before hydration or after it. Work is 
currently being carried out to establish the correct order of 
these events. 

The autoradiogram of the chlorodiols obtained after feed- 
ing ['Cllaurate is shown in Figure 1. The pattern is 
essentially identical with that obtained when the crude sul- 
fatide mixture is extracted from the cells and hydrolyzed, and 
the diols were chromatographed two dimensionally. Since 
all the chlorodiols appear to be equally labeled, it seems likely 
that the chlorines are put on a fully synthesized chain. Similar 
autoradiograms of the chlorodiols were obtained from the 
individual feedings of the other labeled precursors. The chlo- 
rinating system of 0. dunica may be similar to that operative 
in Caldariomyces fumago, studied by Hager et al. (1970). 
Hollenberg et al. (1972) propose that the halogenating inter- 
mediate is an OC1 ligand on heme iron. It is not known 
whether chlorination occurs prior or subsequent to sulfation. 

The proposed biosynthetic pathway is shown in Figure 5. 
The results obtained allow the following conclusions to be 
drawn about the biosynthesis of the chlorosulfolipids : (1) 

TABLE VI:  Incorporation of Labels into Diols. 

Total 
Total Lipid 

Fraction Sample Counts (%) 

Upper-phase Folch [l-l4C1Laurate 2,156,000 
[16-14C]Palmitate 368,350 
[1-'4C]Stearate 143,000 
[18-I4C]Stearate 345,000 

Solvolysis: ether layer [l-14C]Laurate 1,450,000 
[16-14C]Palmitate 187,500 
[l-lCIStearate 91 ,000 
[18-l 4C]Stearate 266,000 

9 . 8  
15 .3  
5.1 
3 .5  
6 .6  
7 .8  
3 .2  
2 . 7  
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the carbon chain is biosynthesized using the normal fatty 
acid pathway; (2) the secondary hydroxyl group is put on the 
chain after the chain is fully synthesized ilia the hydration 
of a cis double bond; and (3) the fatty acid chains are chlo- 
rinated after the chains are fully synthesized. 
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Enzymatic 0-Methylation of N-Hydroxyxanthines by a 
Rat Kidney Enzymet 

Gerhard Stohrer 

ABSTRACT: An enzymatic activity in rat liver or kidney cytosol 
catalyzes methyl transfer from S-adenosylmethionine to the 
N-hydroxy oxygen of five out of six N-hydroxyxanthines 
tested. The methylated products were compared to authentic 
compounds in the case of 3-methoxyxanthine and l-me- 

M ethylated purines, first reported as nucleic acid com- 
ponents and urinary metabolites 74 years ago, are now known 
to be the products of highly specific purine methylation of 
polynucleotides (Borek and Srinivasan, 1965). Since then, 
three instances of direct purine methylation have been re- 
ported. These reactions are N-methylation of derivatives of 
2-aminopurine (Remy, 1959) by bacterial transmethylases and 
S-methylation of thiopurines and thiopyrimidines by an en- 
zyme occurring in mammalian tissues (Remy, 1963). Adenine 
is specifically methylated to 1-methyladenine, a growth hor- 
mone in the starfish ovary (Shirai et al., 1972). A N-hy- 
droxyoncogen, N-hydroxy-2-acetylaminofluorene, is O-meth- 
ylated by an enzyme from rat liver (Lotlikar, 1968). There are 
a few more unspecific methylations, among them N-methyla- 
tion of tryptophan derivatives (Axelrod, 1971) but methyla- 
tion does not seem to be a general mode of metabolism of 
extraneous chemicals. This paper reports an enzymatic methyl- 
transfer reaction which is catalyzed by enzymes in the liver 
and the kidney of rats and for which a number of N-hydroxy- 
purines, oncogenic as well as nononcogenic, are the sub- 
strates. The methylation product from the oncogen 3-hy- 
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thoxyxanthine; the latter was first synthesized for the purpose 
of this comparison. 3-Methoxyxanthine was identified as a 
urinary metabolite of the oncogen 3-hydroxyxanthine in the 
rat. 

droxyxanthine is 3-methoxyxanthine which is identical with 
a major urinary metabolite of 3-hydroxyxanthine in the rat. 

Materials and Methods 

S-Aden~syl[methy!-~~C]methionine was obtained from 
Amersham/Searle (specific activity 34 Ci/mol), of high radio- 
active purity as judged by paper chromatography in several 
systems. 

Xanthine derivatives were prepared according to the pub- 
lished procedures (see Table I). 

Experimental Section 

Enzyme Prepurations. Homogenates of rat liver or rat kidney 
with 4 volumes of 1.15% KCI were centrifuged for 30 min at 
100,OOOg and the supernatant was passed over Sephadex G-25, 
previously equilibrated with 0.1 M potassium phosphate (pH 
7.5), in such a way that 10 volumes of resin bed was used for 
each volume of supernatant. After color appeared one volume 
of eluent was used, either directly or after conversion into an 
acetone powder. 

Enzyme Acetone Powder. The eluate from the Sephadex 
column was dropped directly into 20 volumes of acetone at 
- 15" with stirring. The supernatant acetone was decanted 
after 10 min and the precipitate was stirred for another 10 
min with the same amount of fresh acetone at - 15". The pre- 
cipitate was quickly collected with suction, washed with ether 


