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1. Introduction

Nearly 21l the many faity acid desaturating enzymes
which have so far been investigated are firmiy boond
10 celiplar particles or membrane systems [1-—-3}_ As
far as we are aware, the stearoyl-ACP desaturase of
Euglena gracilis {47 1s the only well documented ex-
ample of a “soluble’ desaturase. A short report in
1964 §5] indicated that it might be possible to obtain
the rat liver microsomal stearoyi-CoA desaturase in a
soluble, partially purified form.

We are interested in studying the mechanism by
which ithe two hydrogen atoms are temoved, in a
highly specific way, from a saturated fatty acid vhain
during the enzymic formaticn of a donble hond. Stud-
ies of this kind demand a soluble highly purified en-
zvme and in this paper we shall describe some initial
steps towazds this objective.

2. Experimental procedure

2.1. Preparation of the “'soluble” extract

For each preparation, livers (6—7 g each) were
taken Irom two eight-week-old rais fed on a normeal
laboratory diet. The tissue was homogenized in 0.3 M
sucrose and fractionated by standard methods and the
~nicrosomal membranes ware disrupted by the tech-
nique of Bovd [6], with several modifications. The
microsorma: pellet was suspended in a few ml of 8.3
M sucrose and rapidly frozen to —40°, as a very thin
film on the side of a large wide-necked flask, in an
atmosphere of N,. The material was freeze-dried as
rapidly as possiblz {about 1-2 hr at a pressure of
0.03 mm Hg). The freeze-dried powder was then ex-
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tracted by gentle homogenization in 4 ml 1 M phos-
phate bufi=r, pH 7.4 at 0°. This suspension was cen-
trifugect at 100000 X g for 1 hr and the supernatant
fraction dialysed against 21 distilled water overnight
at 0°. The final volume of the oialysed preparation
was uspally about 6 mi and corilained on average 5 mg
protes per g Liver. 1is appearance varsed considerably
from preparation to preparatioa but il was usually
reddish and slightlv opalescent.

2.2. Determination of desqturase activity

A standard incubation mixture comgained: phos-
phate boffer, pH 7.6 (106 mM), NADH (140 uM),
11-14C]stearoyl-CeA (60 pM, SuCfumole) and pio-
tein (2—6 mg} in 2 volume of 1 mi. The open tubes
were shaken for 5 min at 37°, and 1he reaction pro-
ducts saponified by refluxing with 1 m!i 10% XOH in
MeOH. Carrier acids weze added, the mixture acidi-
fied with HC), and after extraction of the fatty acids
with petrol, methyl esters waere prepared by refluxing
in MeOH-benzene-H3 S04 26:10:3, by vol) for . hr.
The amonnt of [1-14C]oleic acid formed was meas-
ured, either by gas-liqnid radicchromatography {7]
er by argentation TLC [8]. In the latter case, the
absorbent was silica gel H and the developing solvent,
5% diethyl ether in petrol was run twice. Saturated
and monounsaturated ester bands were Iocated with
dichlorofluorescein and the appropriate areas of silicic
acid scraped directly into scintillation vials for assay
of radioacty ity. '

2.3. Determination of lipid labelling

For mer-urement of lipid labelling, the reaction
was stopped with an equal yolume cf methanol and
Ypids extracted by shaking with 5 ml CHCl3-MeOH
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Fip. 1. Desaturation of stearoy}CoA of the “Soluble™ enzyme.
Gasliquid radiochromatography of the methyl esters on DEGA
at 200°.

{2:1, v/v). Water soluble radicactivity was washed out
with §.7% saline and the CH i3 extract taken to a
smoall volume. Lipids were separated by TLC on silica
gel'H with CHCl3-MeOH-acztic acid-Ha 0 (85:15:10:3,
by vol.) as developing solvent. Labeled tipids were
jocated by scanning with a Panax —adioactivity scan-
ner.

2.4. Analytical methods and reagents

Protein was deterrnined by a biuret meihod {9].
[1-14C] stearic acid was purchased from the Radio-
chemical Centre, Amersham and the CoA estes pre-
pared by a chemical method J1G). The content of
-S-acyl groups in the subsirate was determined by

the hydroxamate method [103. All cofactors were
producis of Sigma Londoen 1imited.

3. Resnlts and discussion

* When microsomes are freeze-drzed, extracied with
1 M phosphate buifer aud centrifnged at 100000 X g
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for 1 hr, ozt of the stearcyl-CoA desaturase activity
js foune in the supernatant fraction, very lithe in the
pellet {fig. 1). Lower ionic strength phosplaate i mixch
less effective. Although seme activity is sedimerted
after a further 3 by centrifugation, the specific activity
of the enzyme remaining in the sypernatant is en-
hanced {(table 1). NADH is more effective than NADPH
at ali concentrations (fig. 2) in apreement vith other
data for the firmly-bound microsomal enzyme [111.
The X_, value jor NADH ix4 38X 10-584, but in all
cases¥1 was not possible to obtain a reliabie Line-
weaver-Burke plot when NADPH was the clectror
donor. The reaction is ex.irem:ely rapid ani maximum
conversion occurs 2fter 5 min inenbation ut 37°. Ooh-
ino et al. {11} aitributesd this rapid fall-of . in activity
in the case of the firmly-bound meicrosomal enzyme to
the utilization of the substrate in alternative reactions
such as deacylation or transacylation to Lisids. The
“soluble” extract Gescribed here alzo conlzins an en-
zyme capabie of transferring fativ acids to Hpids. This
transacylation is extremsly r2pid and might explain
both the rapid fall-off in desatwase activiiy and the
non-classical formn of substrale concentration cuzvs.
As fig. 2 shows, the reaciien rate is miaximial when

the concentration of substrate is 58 gM, t ot the curve
is Sshaped. A Lineweaver-Burke plot bas:d on the
*classical’ part of the cmve gives a K .value of

2X 10-5 M in close agrzement with other Gata [11].
However, it should be borne in mingd that the acyl-
CeA is present as z nicedlar, not a true solution and

Table 1
Cofactor regnirements of tke seluble enzyme. Cetails of incu-
bation cond tions given in text

Specific activk
Enzyme Adiition ty (p m?lcsf
mg protein/
min)
Miczesomes C13-0CoA, NADH, a1y 239
Cell sapernalant Ci13-0CcA, NADH, oy 3z
Soluble enzyme C18.3C0A, NADH, au 327
1 h supematant
Soluble enzyte C33.6-CoA, NADI, air €1
4 h supernalart
Sohlutle enzyme 0Oy N2 26
Soluble enzyme NADIE 35
Soluble enzyme -NADH,+NADPH 208
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Fig. 2. Dependence of oleate fonmation on concentration of
substrate and cofactors. Details of incubations given in exi.

some doubis may thus be expressed as to whethera
K, is meaningful in such circomstances.

The rate of the rzaction is iinearly dependent on
the amonnt of protein up to 5 mg/ml and there isa
definite thougs not very sharp pH optunum ai 7.3,
In all these respects, the enzyme appears to be iden-
iical to the firmly t ound microscmal enzyme.

FEBS LETTERS

October 1968 -

‘We would like to emphasize that the word *“*soluble™
it not an absolute term bt a definition based on the
techriques of centrifngation. The enzyme is doubtless
still bound to fairly large aggregates, each contaming
at ieast those enzymes participating in the electron
iransport chains associated with fz1iy acid desatura- -
tion and with steroid hydroxylation [6]. Nevertheless
the specific activity of the enzyme is increased several-
fold over that of the microsomes and does not sedi-
ment after overnight dialysis or centrifuging several

" hours. In fature experimnents we hope to determine

how much of the remaining structure may be stripped
away withont Jess desaturase activity and thereby
shed more light on the mechanism of oxidative desa-
turation. -
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