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1. introduction

Rat brain choline acetyltransferase (acetyl-CoA.
cholne-c-acetyktransferase, EC 2.3.1 6) has been pur-
fied to a specific activity (S.A)) of 0.6 umoles'min/mg
of protein by Potter et al. [ 1], which represents a pur-
ification of seven hundred times We tned to improve
Potter’s purification by various biochemical techniques,
and reache-ia S.A. of 0.8 umoles/min/mg of protein.
Such a preparation still gave four protem bands un gel
clectrophoress, at pH 4.5.

In order to obtamn ant:bodies to cholme acetyl-
transferase (CAT), we injected several preparations
nto seventeen antmals, rodents as well as gallinaceae,
but faled to induce an immunological response agatnst
the enzyme Yet, in all cases, we obtained antibodies
to some contaminant proteins. Such antisera were
used, following Avrameas’ techmque [2], in order to
improve the CAT purification. We polymensed one of
the antisera with glutoraldehyde into a ge! and pre-
pared with it a chromatography column Lt retained
the immunogenic proteins, while CAT passed through
the column without being absorbed, gving a final
2,700-fold purified enzyme, with a S.A. of 1.8
amoles/min/mg of protein.

2. Materials and metliods

2.1. CAT assay

Assay was based on Fonnum's extraction techni-
que: [19C]acetyl choline derived from |14C]acetyl
CcA was extracted as a tetraphenylborate salt in
ethylbutylketone [3]. In our modified assay, we used
the following final concentrations in a volume of
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20 1l 004 mM [14CJacetyl-CoA (Radiochermeal Cen-
tre, Amershan, S.A. 60 Cy/M), 10 mM choline HCI,
200 mM NaCl, t mM 1—10 phenanthroline-HCl, 0.1
mM eserine, 50 mM Na phosphate buffer pH 7.2,
bovine serum albunin 1 mg/mi and enzyme. After
a 5 min incubation at 37°, 11 a 400 pl polypropylene
tube, the reaction was stopped by 100 ul ethylbutyl-
ketone containing 10 mg of tetraphenylborate per
mt After mixing and centiifuging at 2,000 g for 30
sec, 30 pl of the orgamic phase were transferred to a
scintilation vial contaming 10 ml of toluene : Triton
X-100 (2 5.0.88) with 5 g PPO and 0.24 g POPOP
per li or of toluene lncubation with beef erythrocyte
acetyicholinesterase {Sigma), imnstead of esenne, gave
the blank value, This techrique s suitable for amounis
of enzyme between 2 and 60 pmoles of acetyl-
choline formed per minute. Before an assay, the en-
zyme was diluted to suitable concentration 1n a Na
phosphate buffer of 50 mM at pH ” 2, containng 1
mhM 1—10 phenanthroline-HCl, 200 mM NaCl and
albumin 2 mg/ml to protect the enzyme agamnst de-
naturation

Protein was assayed by the method of Lowry et al

[4].

2.2, Biochemical purification of CAT

As CAT is very unstable at low protein concentra-
tions, care was taken to avoid protein concentration
below 1 mg per ml. All operations were performed at
4°. In order to improve enzyme recovery and purity,
we have modified Potter’s technique [1] as follows:
i) 400 rat brains (630 g wet weight, free of cerebelium
tissue, were collected and frozen (—40%). After thaw-
ing, they were homogenized in 1 Waring Blendor
(2 X 30 sec, full speed) in 4 R o' 1 mM EDTA Na,,
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0.2 mM dithiothreitol. The solution was adjusted 1o
PH 5 with ¥ N B and centrifuged for 30 min m
10,000 g. The supernatant was discarded.

i1} Pellets were rehomogenized with a Polviron in

3.5 £ 200 mM NaCl, 1 mM EDTA Na,, 0.2 mM di-
thiothrei ol and centrifuged for 30 min at 16.000&.
The supernatant was dituted in an equal volumz of
plass distilled water. The pH was adjusied to 5.9

with 1 M Na HPO,. We added 1o the enzyme solution
130 mil of shurry CM-Sephadex C-50 in 10 mM Na
phosphate buffer pH 5.9, 100 mM NaCl, 1M ELTA
N, 0.2 mM dithicthrehol. Afier stivring for 15 min,
the eolorless supernatant was discarded aad the resin
which had adsorbhed the enzyme fvmed red. The Tl
Sephadex was washed with 1 £ of the same buffer.
iii) CM-Sephadex was poured into a column (50 cm
hoight, 1.5 o diameter). The enzyme was ehuted oy
a linear gradienm from buifer to 400 mM NaCl (170
ml eack). The enzyme appeared a1 200 mbd] NaCl in a
Jarge peak, just before hemoglebin, Fraciions with a
S.AL mver 75 nmolesfmin mg of potein were pooled.
ivy The enzyme was precipitated between 38.5% and
500 sateration by = satorated (NH, )-S50, sohition
pH b, comaining 1 mM 1—10 phenanthroling-HCl sngd
1M dithiothreitol. After centrifugation for 15 min at
20,000 g, the pellel was resuspended in 1 ml of 0.5 M
NaCl 1 mM 110 phenanilnoline HCl, 1 mM dithio-
threitol, Na phosphate butfer 10 mM, pH 6.

v) The enzyme on a Sephadex G-200 column {90 ¢cm
heigni, 1.5 om diametrer) in the same buffer appeared
after jwo void volumes. At this stege, fraetions with a
S.A. over Db pmoles/min/mg of protein were pocled.

2.3, dimvymnioiogical rechniques

Nine rabbits, three hamsters, three guinea nigs and
1w ropsiers wers imjecied three times, every three
weeks, with two 1ypes of CAT preparations {step
(NH,;)550, and G-200). We injecied amounts of pro-
1eine from 0.5 16 5 mp in a complete Fremnd’s adjuvant
enyulsion, at subcutaneous, intradermat ang inirarmus-
cular sites. The animals were bied two vreeks afier the
Iast injection.

The antisera were tested by double immunodiffu-
sion in a 1.2% agar gel {5].

We psed Avrameas” technigue [21 in order to poly-
mesize the serom: 20 mid of whole antiserum, predial-
yzed against cold phosphate budfer saling, were ad-
Jjusted to pH 5. 6 ml of an 2.3% agneons solution of
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¥ug, i Immunodiffosion of AT agains antiserum 27. Center
weli: whole rabbit antiserom. Quiside wells: loparithnic diin-
tlon of CAT, siep (NH,)280,. Berial 3-fold protein dilution
{1/3%: concenizalions from 36 sng/mi fwell 1) 1o 0.15 mgfm]
{weell 6).

an 2.5% agueons soiniion of glntaraldehyde{Taab)
were added dropwise. The resalting gel was homogen-
izzd and washed before being used on a chromsto-
graphy colummn.

3. Resulis sndd Siscnssion

3.1. Choracierization of ihe antisera

In imrsenodiffusion tests, all the antizera gave at
fensl one precipitation band with the CAT preparation
step (NH4 3250, . Antiseram no. 27 obiained in a rah-
bit injzcted thres times with 5 mg of CAT step
(NFH )80, gave the greaisxr number of bands ¢fg. 13,
As rat seriim gave several Yends with i, we vsed kater
our antisenm 27 after sbeorpiion with rat serum.
Then the antiserum still rz.med with the previous
CAT preparation in giving -~ » bands {fig. 2). At least
two of these remaining bands were In coincidence
with an sxiract of rat adrenais, while sxtract of other
organs such z2s kidney 07 liver did not react. Finally
we detectad no precipitaticn band between antizernam
=7 and sxiract of C6 1al thmor glial cells [6]. Our
antiserarn, therefore containe antibodies reacting with
serum proteins adrenal proteins and proteins of brain
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Fig. 2. Immunodiffusion of CAT angd adrenals exiract against
anliserum 27 absorbed with zat sermum. Well 1 Antassram 27
absprbed with polymerized rat serom [2]. Well 2: CAT, step
{NH 512504 Protein concentration 3.6 mg/fmi. Well 3:
105,000 & supernciont of 2 zat adrena] homogenate, made in
50 ;M Na phosphaie buffer, pi3 7.4. Protein conc. 10 mpfmi.

tissue, peshaps specific 1o nouronal cells, as it does not
react with a giial cell extract.

We then performegd precipitation tests by adding in-
cieasing amounts of antiserum 27 o a constani con-
cernration of enzyme, and by measviing, affer conitd-
fugation, the residual enzymatic activity [7]. We
gonld not demonsarate any decreass in the activity,
which ruled out the presence of specific antibodies
10 CTAT. We got the same answers with our other rab-
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bit, guinea pip, hammster 25 well as rooster immuno-
sera. It has been shown that CAT is very species spe-
cific I8]. Thus the lack of immunonoicgical response
against raf TAT is vnlikely 1o be due to i immuno-
logical identity with the CAT of each kind of animal
imjecied, rodents as well as gallinaceae. Furthermore,
the CAT molecular weight {50,000) should be lasge
enpugh 10 induce antibodies. It would be worth tyving
another immunisation schedule in the hope of getting
specific antibedies to CAT. The need of injecting a
CAT preparation free from immunogenic contaminani
prompted us 1o use, as a purification step, zniisenum
27 which reacted with the grestesl number of con-
tarminan? proieins.

3.2. Purification of CAT in using an immunogbsorbent

Classical absorption technigue by antizervm 27 or
gven by purificd 7 globulin from it, was not suitabis
as il adds rabbit zerum proteins whith cannot be re-
moved without leading to a decrease of the 8. .A. of the
enzyme. Therefore, we polymenzed our antiserum ir-
to a gel used as an imynunoabsorbent.

CAT, step G-200{0.8 pmoles/min/mg of protein}
was put on the immunoabsorbent cobumn {10 cm height,
0.5 o dinmeter) cquilibrated with 0.5 M MaCl, 1 mM
1—10 phenanthroline, 1 mM dithiothreitol, Ma phas
thate buffer 10 mM pH 6. The enzyme passed tazough
The colamen, while contaminant protewn.s reacting with
their specific antibodies remained on tie columa. We
verified that the enzyme is no mefe recting in im-
munediffusion tests, with amtiserurn 27 This last
step gave a purijcation of 2.2-fold, the emiire pro-
cedure {table 1) of 2,700-fold leading to a2 5.A. of
18 pmoles/minfmg of protcin.

Table 1
Swmnary of enzyme purification.

Step Total uniis

Hecovery Proiein Bpecific

amoles Aceiylcholine {523 =g} activily

formed per min fo meles/minfmg)
I  Homocgenaie 455 100% £6,000 200807
IO Sopernas ant 200 mM Nall 30.5 5% 2,960 §.0077
1 Emsion CM-Sephaglex 258 H4%5 257 G195
IV 38.5%—20% {NH.,4), S0, precipiiation 196 AB% 464 2422
YV G-20D i3.1 32% 145 0.38.0
VI hmmamoabsorbent 11.9 294 5.3% 1870

[
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