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SHORT COMMUNICATION

Fatty acid biosynthesis in mice brain and kidney microsomes:
comparison between Quaking mutant and control

(Received 3 December 1974 Accepted 23 December 1974)

Tie QUAKING mouse is a neurological mutant character-
ized by a disturbance in myelin deposition {SIDMAN ¢!
al., 1964). In the brain several enzymes are deficient, cspe-
cially those involved in the claboration of myelin lipids
(NESKOVIC e1 al., 1970, 1972; Bourre ef al.. 1971, 1973:
COSTANTINO-CECCARINI & MORLLL, 1971 SARLIEVE ¢f al.
1971; KANDUTSCH & SAUCIER. [972; GOLDBLRG ef af.
1973). 1t is essentially the CNS which is damaged but
the peripheral system is also affected (MEIFR & MACPIKL,
1972; KisHiMOTO, 1971; FRrikDRiCH & HaUser. 1973y,
Galactolipids, especially those built up with long chain
fatty acids, are characteristic of myelin. However they are
found elsewhere, for instance sulphatides are lound in the
kidney. In the mutant, the analysis of sulphatides with
long chain fatty acids shows that they are normal in the
kidney (BAUMANN & HARPIN, 1972) but not in the brain
(JACQUE er al., 1971). Skin giycolipids arc normal (Kistir-
MOTO, 1971).

We have found that the diflerent microsomal systems
responsible for the biosynthesis of myelin fatty acids. espe-
cially those involved in the synthesis of C24:0, arc im-
paired in the mutant (BOURRE et al, 1971, 1973). These
results have been confirmed (GOLDBERG ¢t al., 1973), and
could explain, by lack of substrate, the deficiency in glyco-
lipid formation. To establish whether the deficicncy in long
chain fatty acids is due to a mutation in a structural
gene or to a brain-specific regulatory mechanism. it seemed
appropriate to compare fatty acid biosynthesis in micro-
somes of brain and kidney. It is noteworthy that the biosyn-
thesis of fatty acids has not yet been studied in the latter.

MATERIAL AND METHODS

Microsomal preparation. The brains and kidneys of 30 20-
day-old mice were removed and washed in -1 M-phosphate
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buffer containing 0-32 m-sucrose and 0094° ) NaCl, pH 69.
Then the organs were homogenized in a Potter- Elvehjem
homogenizer with 5 mi of the same buffer per g of tissue.
Microsome isolation and protein determination were car-
ricd out as previously described {BOURRE et al, 1971).

Incubation mudic and fatty acid analysis. Enzyme assays
were performed as previously described (POLLET et al,
1973). The de novo system from the supernatant fraction
was studied in an incubation medium of | ml made up
of 1 mg enzyme protein. -3 umol NADPH, 0025 umol
acetyl-CoA and 005 pmol malonyl-CoA. Either acetyl-
CoA or malony)-CoA was radioactive (4 mCi per mmol).
The clongating mucrosomal systems were studied under
the same conditions except for acetyl-CoA which was re-
placed by 005 mwm-acyl-CoA: palmityl-CoA or stearyl-
CoA. unlabelled or radioactive (4 mCi per mmol). Fatty
acids were extracted by petroicum ether after saponifica-
tion and acidification. Then they were methylated by meth-
anolic boron trifluoride (IMORRISON & SMITH, 1964) and
analysed by radiochromatography using a 3% S.E. 30
‘column with automatic counting of eluate (Beckman GLC
and Panax counter). The separation. of unsaturated and
saturated fatty acids was sufficient on this phase, as the
activity of unsaturated fatty acids was only between 0
and ', of the total activity and located in one peak.
The presence of large concentration of sucrose inhibits
the biosynthesis of x-hydroxylated fatty acids (Hosur &
KisHIMOTO, 1973). therefore hydroxylated and non-hydroxy-
lated fatty acids were not separated prior to analysis.

RESULTS

Table | shows that the synthetase from brain or kidney
of normal or mutant mice produced the same acids. in

SYSTEM IN BRAIN AND KIDNEY

Chain length 12:0 14:0 16:0 1%:0 20:0
Main substrates
control 4 4+ 08 RO+ 2 10+ 1 05+ 02
Brain { »
- quakimng 4+ 1 g6 + 2 10+ 12 05 + 02
Acetyl-CoA + 1-3'4C
Malonyl-CoA control 02 3+ 05 87 + 2 9+ 1 02+ 01
Kidney { : i ; .
[ quaking 0-3 1+ 07 %7 + 2 8+ 09 03 + 01
control tr 4+ 07 87 + 1
Brain
| Luaking tr S+09 85+ 2 .
1-1*C-Acetyl-CoA + '
Malonyl-CoA control tr S+ 1 86 + 2 -
Kidney {
quaking tr. 4+ 09 88+ 2 —

At least 3 expceriments have been made. Two to 4 chromatograms were run for each.experiment. The values

given here are means + S..M. (expressed in percentage) for at least 9 chromatographies. tr.; Trace amount of the

fatty acid: non detectable.
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TABLE 2. MICROSOMAL ELONGATION OF PALMITYL-COA AND STEARYL-COA IN BRAIN AND KIDNEY MICROSOMES

Chain length 16:0 18:0 20:0 22:6 22:0 24:1 24:0
Substrates
control  3+07 90+2 32409 04+01 06+02 - 17+ 01
Brain
{quaking 3+05944+1 1640504402 03+01 03 + 01
Palmityl-CoA
+ 1-3'*C Malonyl--CoA
control 2402 95+2 3+ 04 tr. tr.
Kidney
quaking 2303 95+2 31+05 - tr. - tr.
control 14+07 23 +1 29+2 34+06 10+2 1+04 1743
Brain
{quaking 18+ 09 17+2 36+ 1 2405 842 1405 543
Stearyl-CoA "
+ 1-3'*C Malonyl-CoA
control 5+ 03 37+2 45+ | tr 8§+ 2 - 442
Kidney
quaking 4+ 04 38 +2 45+ 2 - 9+2 542

Same remarks as in Table |.

identical relative percentages. Therefore this enzyme syn-
thesizes the same fatty acids in both organs. Table 2 shows
the elongation of palmityl-CoA and stearyl-CoA in the
presence of radioactive malonyl-CoA. Normal and quaking
kidney microsomes synthesize the same products in the
presence of palmityl-CoA; this substrate is mainly elon-
gated by 2 carbon atoms, and slightly by 4-8 carbon
atoms. The Quaking brain shows a pattern which is.
slightly different fron normal brain, as there are many
fewer 24-carbon atom fatty acids being formed. The ¢lon-
gation of stearyl-CoA is disturbed in the mutant brain,
as opposed to the kidney. The activity found in C,, and
C,s may be the result of the de novo microsomal system
(POLLET et al.. 1973). It must be noted that the brain
{forms, under our conditions, a small amount of a com-
pound which has the same R, as C,,. whereas the
kidney does not. In Table 3 the results are confirmed
by a study of the biosynthesis with radioactive acyl-CoA

in the presence of non-radioactive malonyl-CoA. The yield
of reaction expresses conversion rate of the acyl-CoA into
longer chains.

DISCUSSION

The values given here for the brain are somewhat differ-
ent [rom those published elsewhere (BOURRE et al., 1973).
In fact the mice are of a different age and the accuracy
of the radiochromatography has been-increased, especially
for calculation of the small peaks. The different distribu-
tion of radioactivity in the fatty acids of various chain
lengths, using palmityl-CoA or stearyl-CoA as substrate.
has been explained by two different systems of elongation
in the microsomes of brain (BOURRE et al.. 1970, 1973a;
POLLET et al., 1973). These results have been confirmed
(GOLDBERG et al, [973). The presence of radioactive
C;,.4 in brain incubate may be due to elongation and
subsequent desaturation of C,g precursors of C,,,q.

TABLE 3. MICROSOMAL ELONGATION GF RADIOACTIVE ACYL-COA

Chain length 18:0 20:0 22:0 24:0 Yicld
Substrates control 96 + 1 25404 05+ 02 [ + 02 36+ 5
Brain
{quaking 98 + 1| 17 + 03 02 + 01 03 + 02 27+ 4
1. '*C Palmityl-CoA
+ Malonyl-CoA
control 97 + | 341 1343
Kidney
{quaking 97 + 1 RIE - - 1743
control 75+ 1 9+ 1 542 22+ 03
Brain
’ quaking 85+ 1 8+ 1 6+ 2 2402
1-1*C Stearyl-CoA
+ Malonyl-CoA
control 92 + 1 6+ 1 241 35+ 04
Kidney o
quaking 93 + 1 6+ | 2+ 1 34 + 04

Same remarks as in Table 1. The incubation is run in the presence of radioactive acyl-CoA. This compound
Is extracted by petroleum ether and found in the radiochromatogram. Thus the activity found in the corresponding
peak is the activity of the substrate which has not been used. Under these conditions the yield is the activity found
in C,g to C,y (for palmityl-CoA) or C,, to C,, (for stearyl-CoA) divided by the sum of activity found in all

peaks.
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which are contained in high concentration in brain and
not in kidney.

Mitochondria also contain a fatty acid elongation sys-
tem similar in some respects to the microsomal systems,
but acetyl-CoA serves as the condensing unit, and both
NADH and NADPH appear to be required (HARLAN &
WaKIL, 1963; BooNt & WakiL, 1970; Yatsu & Moss.
1971). However we have demonstrated that very long chain
fatty acids which are components of myelin galactolipids
are synthesized in microsomes (BOURRE et al., 1973b) and
that there is a precursor-product relationship between mic-
rosomes and myelin for long chain galactolipids. Fatty
acid elongation is impaired in the Quaking brain; but
not in the kidney. The same behaviour has been observed
for 3'-phospho-adenosine 5'-phosphosulphate cerebroside
sulphotransferase (SARLIEVE ¢t al., 1971), thus confirming
that the mutation seems to be localized to the nervous
system, and eliminating a mutation in a structural gene.

The ultrastructural studies during ontogenesis show a
block in maturation of myelin (BERGER, 1971; WISNIEWSKI
& MoreLL, 1971). Thus the oligoglial cell seems to be
affected in one of the stages of its differentiation. The
appearance of long chain fatty acids in cerebrosides seems
to be correlated to this period (BAUMANN et al, 1971).
Our results could be explained by the deficiency in micro-
somes from oligoglial cells, as there may be a different
genetic control of fatty acid biosynthesis according to the
cellular type; in this respect the chain length specificity
of the elongating systems could be related to the origin
of the microsomes. Gangliosides, which are mostly found
in neurons, do not contain fatty acids over 20 carbon
atoms, cerebrosides which contain longer chain fatty acids
are essentially constituents of glial cells (afterwards thecy
are found in myelin and only those are impatred). It could
be deduced that long chain fatty acid regulation is not
the same in glial and neuronal cells.

In the same way the genetic control of an enzyme can
be different according to the organ. In the kidney and
in the brain there is a production of long chain fatty acids,
but their genetic control must be different; it could involve
different isoenzymes or it is possible that the cnzyme from
kidney is constitutive whilst the one from brain is induc-
ible. indeed it has been demonstrated that the same
enzyme from two different organs can be under the regula-
tion of an inducer in one organ, whereas il is not in
another (OHNoO ¢t al., 1970). The inducer should be thyroid
hormonc: this hormone is strictly necessary for the well-
proportioned development of the brain (EAYrs. 1955) by
its action on various enzymes. Moreover some myelin gly-
colipid enzymes have been shown to be induced by thyroid
hormone (Wisocki & SEGAL, 1972). On the other hand
thyroidectomy seems to affect cerebroside fatty acids
(MANTZOS ¢t al.. 1973).
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