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1. Introduetion

12 is known that several forms of acetylcholinester-
as¢ {AchE) have been found, differing by their sedi-
mentation constant and by their strugture [1,72]: gl@h
wlar forms {11.8 5)and e]mm,aieaﬂ Forms which elec- .
tron miicroscopy showed to be ¢omposed of a rod-

like structure {called the *'{ail”) and a cluster of vary- .

ing numbers {one. to three) teiramerz {called tha -
-“head™). ‘These elongated forms had been separated

into A (3.5 8),C (14. 2 8) and D (18.45). Antibodies .

to AchE had already been produced {3, 4] y.ith puri-
fied enzyme {plobular fmm) prﬁpmeﬂ accﬂ:rdmg 1o
Leuzinger and Baker [5]. :
We have now produced, i ; Iabbzts, annbedxes o
the globuiar and elongated : f@:ms of AchE, in order to
: vompa)e the reactivity of each serum to homo!wgmls
and heterplogous antigens, ‘We found that the ekm-
'gated forms were more reactive. than the globular . -
Forms with each antiserum tested; ‘presumnably he» -

.canse of 2 ’“‘sqmezmg exfecl rmﬂy :ﬁound in !he Ia‘l- o

) Tesr forms. 0
. However, the presenrf nf nmanpm’udm compo—

" After treatment with nenraminidase, we observed

a progressive decraase in the affinity of the antiserum

" for the D and C forms, and no effect on the globular

forms. This would mean that some polysaccharides

. are imporiant fi or ihE strzciure ﬁf the elongated
- - forms. :

2 Maieﬁal :anﬂ méﬁmﬂs :

2 ] Pfeparm‘mn af am‘;gens

- Elongater] A, C amd D ﬂonns of ArsnE WETS PIE- - -

- pared from saline homogsnates of fresh electric organ,
- ang pammly rpurified according to Massnuh& etal. f1].
A pure globular form {(11.8'5) was obtained by iryp-

. sinization of D {7] “The enzymatic activity was e5t
" mated by Ellman’s meth »d [8] and the protein con- -

ceniration by the Folin iechmquc We measured ab-

. -sorption at 280.nm-of diluteéd and purified enzymatic.

. solutions, 1aking an extinction coefficient €% equal
7 1076, The specific activities of injected AchE were .
9mM nsch j‘hrjmg for A Iﬁﬂ mM for ami ID a‘nd

L;;.nenis having heen shnwn in the AchE molecule :{6]_3, . A

LWE investigated. (by mc:momp}emem fixation assays) R
the. effect of phnsphohp&d angd palvﬁacehm&e hydro- R
;'Iync efzymes on the vamus:fmms :nf AchE m sea;ch :

“of a distinet. lmmunologlcali"
Cﬂnfmmzhcnai changes.




) chB actwnty is revealed by Urtel‘s tech-
‘nique [1 1] using indoxyiacetate and ‘copper ! salts. The
stain ig not specific for AchE: Homver we ‘checked
that our purified preparations did not contain any
other type of esterase. We used l% amtdob!ack as pro-
tein stain , : :

24. Precapitat:an tests -

We added i mcreasmg amounts of immune serum to
a constant concéntration of antigen, The residual en-
zymatie activity was measur. d after centrifugztion,
following the technlque of Yanot‘sky [12]

2.5. Compfement ﬁxarian

The microcomplement fixation technique was per-
formed as described by Levine [13] AchE used for
the assay was from highly purified preparations [2],
their specific activity being 300 mM/Asch/hr/mg for
the D form, 260 for the C and G, torms. We esti-
mated that D and G, were at least 95% pure and that
C was 80% pure, as shown by acrylamide gel electro-
photesis with sodium dodecylsulphate and analytic
ultracentrifugation.

.. (Worthington) was, further ‘puriﬁed by DEAE column.

Fig. 1. lmmunodlffusmns ot‘ etongated and globular forms of "
electric eol ncenrlcholinustemw against: homologo ‘
erologous amisera. Immunediffusion made ln 1.2 "
gel. A) Center well: antiserum TG' outside wells:. etongated :
forms, A, C, and D; and. globular forms G (putlﬁed 11.8:8)"
ad Gp {commercial from’ Sigma, 1 1.1 8). Acely!cho!inester—j
ase activity: 5 mM A:chImel{hr (10 plina well), The smgle
peccipitation line was stained by indnxylauetate. B) Ccnint
well: antiserum 13p; outside wells: clongated forms C and -
D; globular form Gp; and eel serum 5. The precipitmnn line
common to B, C and G contained all the enzymatic activity,
and appeared incurvated in front of the’ D—containing well: A
second (inactive) band can be seen in front of the Gp con-.
taltilng well and is identical to that of a pmleln found in cel
serum.
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Ian. 2, Complement fixation enrves of ﬂl@ngm:aﬂ angd g]@bulm ‘

forms with homologous and heterclogous antissra. A) Anti-
serun 7y; diluied 1/5000; complement fixation curves of
globilar forms: Gy {s—-o—-1) and Gp (Sigma) {s—e—).
Antiserum 7y dilated 31/10DD0: at this diniion the elongated
form D {o-—o—0) was detepted; the globular forms {0 ::mﬁ
‘o) d¢d not fix any complement. B) Amiiseruom 13 diluie
-1/2600; compliemen?t fixation curves of & ongated fom C

(X% —x) and D {o—o—=), At 1his dilution, the pure

globular form G {o—o—o) 4id not Tix any‘complemem._

IESpBE’tWB]y antisera 4(:’ 13D, 7(; With f@ms A, E
D and G5, each antiseram gave a single gpmlc]pziahmn :
band containing all the enzymatic activity (fig. 1A).

When each antigen was tested against the various an"n- '

sera available and a ;prevm"my obtained antiserum -

968, a similar | Ime of mmmﬂenc:fz wmmm apu:r f{:unm- o
I ;grzhons-,

~1ion was sean,. - ‘
’I’wo of the antisera appemeﬁ m be :monospaclﬁc
gmng no other band than s AchE one: antiseyum -
7 Teacted with G form and anliserum.13p 1 with D -

Jenf G forms, foh D form the antiserom 13 s ahwowed

g0 incurvated pﬁrempam&mn bami due 5. the.] ]ngh nm-

{f’]Pcu]ar welgh‘ Ui’ D fmmv Witha commﬁ:cially
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Fi..3. Complement fixation as a function of entiserum con-
cenirations, A series of dilntions of forms G (=), C (o) and
D {) were esied against several concentradons of antiserem
13 {----) and antiserum Tg; {(—73. Each poinl represenis
'fhe pezk heighth of a mmp]ﬁmfnt fixation cove for a gmm

 mntiserum dmm DT!.

'avaalab]a G fmmg ﬂm amhsemm shmveﬁ a second

' ‘band, enzymatically inaciive, identical to that given

‘by a protein from eel serum and a]rrendy observad
‘with antiserum 968 ]3] , ' which disappeared afier ab-
~sorplion umf antiserum 13y, with esl sevomi {fig. 1B).
Bince no difference could be seen in the reactivity
‘of A, C, D and G forms, we aitempieﬂ 0 get immu-
nme]ecnwphmem data, but the jonic sinengih neces- -

. sarv 16 prevent any aggregahmn of the @lmga‘ted

forms (0.3 M) ﬁ]d :nm gwa us any sart]sfactw@ry :m;

- Antisera '] BD :am'i T'G ShﬂWEd typnca] mmp]emem

' “fixation curves with the shree clongated forms and -
- with the glmhu.d; fnrm a3 anhgens, Tha z:cne nf antm-
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Fig. 4, Competition ex»eriments between & and I, using antistrum 13p,. Antiserom 3 35 wes diluied at 1/2600: G was sddad at
an achivity 10 times hizher than D; after 20 min, D {o--0 "0} or T (X~ %~ %) were added. Controls were made with antiserum

P {o—o—o) and antizerum T {3 —X—X).

#one was observed i an activity range of 2 to 3X1072
mM Aschfhr/mi (fig. 3).

At 2 1/5000 dilution of antiserum 7 the amount
of complement fixed with the homologous antigens
was around 70%: at a dilution of /10000, the com-
plement was no longer fixed {fig. 3A). However, at
such a dilution, the C and D elongated forms reacted
with the serore. The same results were chisined with

antiserum 9638,

© With antiserum 13p, at a dilution of 1 !2600, the

- amount of complement fixed with the homologousC
and D forins was 70—30%, whersas there wasno fixa-
fion with the glebular form, unless the concentration of
the antizerum was ncreased by a factor of 2 {fig. ZB).
When we plotted the height of the different fixation
peaks against the log concentration of the antisera,
we found a linear relationship. The slopes of all the
lines appeared identical for both the slongated anﬂ
the globular form: as Sarich and Wilsen 1147 &d -
~when they described similar results in soTparing pri-
maie al’bumms, we found the mmunulmgmaﬂ “dis
‘tance™ between T and C to be'1 (since they cmnmsieﬁ

" and the “distance™ between G and D or C10 be 2.4

 with antiseram 7 and 2.0 with antiserum 13, (fig.
" 3). Thus we demonstrate = higher reachﬂwi}v of ihe

elongated forms of AchE, whatever an tiserum wak
“used, homologous or héterologons.

L We moade a few attempts 10 detect antibodies i:h-

“rected. sn-laly Against ! the Bpaufic ﬁe‘termmams of ﬂle

- elonigated forms; aapemallv fHose located i in ﬁhe “laﬂ” i

““_We ﬂb,,orbed mtlsemm ]aD with: G fm’m. i

immunodiffusion lests, the absorbed antiserym no
longer reacted with D form.

We performead competition experimenis fm a
given antiserum between the homologous snd heier-
ologous forms: thus G form was added in larse excess
prior 1o adding D form. if determinants unique to D
WeIE present, one would expect to get 8 nonmnal or
partly depresseqd complement fixation. We found that

' some complemesnt was indead fixed, but that the

peak was aimost completely flattened. Since, under
the conditions used, our control experiments yielded

* high fixatior peaks {greater than 90%) over & large

Tange of antigen concentrations, we esibnated that
those tow peaks did not refleci the presence of anti-
bodies directed agamst determinants unique 1o D
{fig. 4).

-We also assayed polypeptide residues obial md

~ after trypsin digestion of the elongated form and col-

lected on @ sucrose gradient. The res'dues did not fix
enmplement and haﬂ kel ﬂﬁecﬂ i Mﬂ&]bi‘ﬂﬂn experi-

. menis.

Fmaliy, w-e mvesngaﬁaﬁ the action euf hvdml},rm
enzymes using the. complement fixation technique.

- Grafius a1 al. 115] ﬂ:canﬂy described the effect of a

- few hp@]}?ﬂzz ENZYMES on ag_g:rﬁga‘ted forms of AchE.
. Qur own daia have gready shown that trentment

- with phospholipase C. IeSth in some changes in ﬁ.he

. sédimentaiion constant [6]. ﬁ'ai';e: enzymatic treat-

S 'mem, Az:h was again ] isolated on sucrose gxadlen-t

“With any of 't.-he emyme&‘tasted cnmplemem ﬁwaam
| usSEYS sh@w;eﬂ an @fi‘sct @n'g ‘:viiar mnm. nOT was
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'_an 3. Eifect of phusphﬂl piss 1C hydmwm of D form on the

" compk:ment fixatien activiyy. D form was treated by phos-
pholipase C (0.5 mefml) oz 48 by, at 20° {o—o—o); D
form § P—D—") ang G form (p—o—5) were unireated.
Complement Iixaticn curres were obilzined with antiserum
T (diluted at 1/7000). As can be seen, 'fthe curves for treated 1
Dand mmaateﬁ G are identical,

iherf-samy'ﬁﬁem when elongated forms, such as D,
were treated with hyaluronidase or phospholipass A.

- Hewever, with phospholipase T, the change in sedi-

- mentation constant and a striking decreaze of the fixa-
1ion peak {fig, 53 were both observed. The magiitude
«of these changes suggesis that the treaied D form was
converted into a globular forma,

After a nevzaminidase treaiment of form D, no
ch:ange Was Dbserveﬁ in the sedimentation mnsiamt

- FEBS ;.E'msns .

o bu‘i the mmplemem ﬁxatmn peak szgmﬁcemﬁy de— - -
* - creased a:ﬁm 2hrof hydmlysm, and disappeared after

24 br {fig. 6) A néuraminidage effect was also fonnd -

-~ on form €, but it appeared sinw]y and was camp&:e:e -
- only after 3 hr.of hyﬂmifysm '

Thus, complernent fixation smmes hme ““hbwn

'{:hanges in the D and C forms which wmu]ﬁl 0L | have

been ﬂemciad QﬂlBIWISE {1able 1).

-#. Discussion

Two anﬁi-AcmE sera, One agamsi e}@ngaﬁed f@ms

‘the other against a globular :ﬂm‘m3 reacted with both

homologons and heterolcgous a;mgans, giving an iden- .
tical immun@ﬂlﬁuﬁmn reaction with 8 simple band of
precipitation and no spur. In complement fixation

“1e5ts, the reaclivity of A, C and D elongated forms

with tie homologous and heterologois antisera wis
greater han that of globular forms, as indicated by a
much higher fixation peak. This Jower Immunological

reactivity of the globular form might be related to dif-

ferences in the overall conformation of the AchE mole-
cule: cne conld imagine that the gidbular form {lack-
ing a *1ail”, or having a reduced one) has been modi-
fied in the number or reactivity of its surface determé-
nants {“squeezing” effect). Bui we cannot mule ont

the possibility of 2 conversion in sttt af the D form in- -

jected in the rabbit into & globular form, so that we'

'JDC B [ S il e B B3R [ L] L i B !‘ Vil,i'TIur\lrn i
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”;_ﬂﬁé-.ilgm :

Acmzty !m‘ﬁm]w hour 3

W‘Flgu 6 Ef‘"ecﬂ nf murammdase hyﬁtmlysxs nl IC ami D rfurms on, ihe complemem .ﬁxatmn actmn 5. A) Cﬂm@]‘*mem ﬁxaﬁnn
curves oblzined with antiserum 7, diluted z> 1711000 and 2ddition of nenzaminidase. (0.2 mg/mly at 20°. D form: Centrol- -

) .{;:--—o—-—c;), Jhri hydmlysls {u-em-s h); 24 y hyﬂmlysxs, w(h-

), Ctbrm Contral {X

e }.-;), 241 hrhydmbrm {ﬂmﬂ—ﬂl&' o

“H2h: hydrolysm [ S B) Lomp}emﬂn“ fixation corves i:-bimned withy anbserum ?G dilutuﬂ atl/ Sm}ﬁ! and a&mnon 01' nrm- '

3 ’mm:dase asin A.G fnxm' {?ontrel {o—o—-3) 72 bt I‘F!‘I’MVSIS [?—"—"'}
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‘ Tab]e 1 )
Effgm of wanm}s hyrﬁmlases on glnhula:r and s:]cmgated Tmms @f El”til’lc ea] az;eiylshﬂllmesiﬂas&
" Atb'E - Byaluronidase or e - ‘

- forms .Ph@sphﬁﬂipasa_:% + Phospheliprse C . Neuzaminidase .

s CFr 8L  CFx  SC - CFiafsr |

2 24mr 48w 72w
C — — . + -+ — — - E ++
R = 2 - + -+ ¥ i

D - = +

¥ lL"l'lange in seﬂzmem;aimn m:tmﬂam {S.E.} ©T In mmplfmem fixation {CFix).

— No zh TngE.

- mepTemem fixation wis dong with antiserum 7 diluied av 1/5000 when G formi was tested; dilvted at 111006 when C and D
fomms were lesied. Incubation Times with hydrolytic enzymes were: 2 hy for phasph@hpase ;48 br for hwalnmmdasc oy phos- .

phmzp 8E Ag, and, a5 indigst=d, for neuraminidase.

wmlﬁ aglually have ﬁ}s;sn c@myaxing @m}a anti-G sera,
containing antibodies with distinet affinities.
Since it has been shown that the elongated forms

216 made of a *1ail” and a “head™ 2], we investigated -

whether specific antibodies might be produced agzinst
determinants unique v ihe “tails”. We observed that
form G and D were reacting with the same population
of antibodies, as shown by inhibition experiments in
which a large excess of G almost completely inhibited

the coraplement fxation reaciion of antiserum 13,

 Moreover, 2 close examination of al} the Axation
curves obtained with the two antisera and the various

_ antigens, shows thai all the fixation peaks occur at the
Same enzymatic conmen‘tratmn

| © Mevertheless, with antiserum 4 {from Lrabmi & i1~ -
jected with C form), we observed differences betwsen
. the various elongaied forms: indeed antiserum 4 was

~ mol monospecific, bul the enzymatic activity corre-

- sponding o the zone of equivalence antiserum 4/C

“was in the range of ﬂle activity observed with aiitise-
rum 13p,/C and antiseram 7/C, and the amount of -

, mmp]emeni fixed at Equlvﬂenee was simflar for 2l -

' the curves! Hnweyer, with aniiserum 4, we found a

iameraﬂ sh:ﬁ of the fixatidn turves from A 10.C 10D,

ﬂlcahn;g a decrease in the ratio of anmgemc ioen-

B A@hE stroeture complexity.

“The complément fixation "tedmaqne was sensmve L

enmagfh 1o detect stmrx:mmi chsinges of the’ Elbngated
S fs:mms aﬁer heatmen wzth phmphnhpase {,‘ o

nepraminidase. With phospholipase C, we observed
parallel changes of sedimeniation constant and com.
plement fixation curves. After incubation with nep-
raminidase, although the sediznentation constant wae
unchanged, we demonsiraied a progressive decreass
of the affinity of the zntiserum for the slongated
forms {slower for the form C). Neureminidase hydro-
lyzes sialic acid residues. Therefore, sialic acid, and
presumably other polysaccharides, give an hinportant
conrribution to the structural patiern of almoest all
antigenic determinants of the elongated forms. |

We know that all the forms (A, C,D and G) con-
tain sialic residues (zatio 3/ 7 for B/G) [16], 5o that

-there would be a class of siclic acid residues which are

present in form G, the hydiolysis.of which had no
CONSRQUENCES ON the antigenicity ol this fonn; and on
the other hand, there would probably be another.

" closs of sialic acid residues which is necessary for the

overall conformation of D form. Further studies on
the effect of nevraminidase on A form should indi-
cate whether théy are depeadent upon the presece -

- of inferietrameric Jinks. In any case, aftex these links

have been broken :(b}f trvpsin or vltra-sound ac mn)

° neuraminidase iréatment 0o Rmngmr msuﬂis in any
. R manga of c@mpﬂeme-n fination.
| zymatic activities; together wﬂh anmmeasa uf lhe L

‘The significanse of the zetion o) phos;:hmhpase

| C —'L:Dm'ms‘ on of e}mngai..ﬂ form into g}D;m]a'r form
- and w:mmspnndmg complemeni ibation— seems o be

as follows: some: phnsphnhpaﬁs are necessary 1o the

: ) a;ohﬁmm @f ﬂm tma] strsinre 4("‘&'1 ’Tappe”) @f ﬂ"re
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D oF C fmm, ﬁmﬂ thnsa phnspho]np]ﬁﬁ are mttegm]
' 'paﬂs of the interteiramerie links. ’

. Thus, AchE in iis native {D) form is a glyc@pmmm -

‘whers some phos phmhﬂ‘ds' are of stractaral impoy-.

=0

a8 well as for the *head”—"t2il™ interaction. -

;&clmn@ieﬂgemeﬁs -

We aa::kmw&eﬂge the he ]pfu] suggesnmns of -
J Massonlie and 8. Bon. We are pratefully mdebmted m
Prof. J.P. Changeux for his commenis and critical
reading of the manuscript and 1o H. Costinesco for
her help in e:dmux, this paper. '
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