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B.5. Neurochemical Receptors

ASYMMETRY OF ACETYLCHOL-
INESTERASE AND ACETYLCHOLINE
RECEPTOR IN INTACT SECRETORY

VESICLES FROM ADRENAL MEDULLA

M. GRATZL and H. KRIEGER-BRAUER

Department of Physiology and Chemistry, University of Saarland,
D-665 Homburg/Saar, F.R.G.

ABSTRACT
Highly purified secretory vesicles from adrenal medulla, isolated by
differential and densit¥ gradient centrifugation using isotonic gra-
dient material (PercollT™), contain acetylcholinesterase. The enzyme
was latent in isolated secretory vesicles i.e. acetylcholinesterase
was inaccessible to added substrate. The enzyme activity became patent
after addition of detergent or in hypotonic media. Hypotonic treatment
or specific lysis of the vesicles with Mg2+/ATP in the presence of a
permeant anion resulted in the release of soluble acetylcholinesterase
from the vesicular content. Membrane-bound enzyme sedimented with the
membranes. Binding of a-bungarotoxin could only be observed when se-
cretory vesicles were lyzed.
It is concluded, that the acetylcholine receptor as well as the mem-
brane-bound form a acetylcholinesterase are localized on the inner
surface of the secretory vesicle membrane, which becomes the outer
surface of the cell membrane during exocytosis. Concomitantly the so-
luble form of acetylcholinesterase present within secretory vesicles
is released into the extracellular fluid.

KEYWORDS
Acetylcholinesterase; acetylcholine receptor; secretory vesicles;
adrenal medulla.

INTRODUCTION
During exocytosis secretory vesicle contents are released into the ex-
tracellular fluid and their limiting membranes are incorporated into
the cell membrane. In this way the inside of the secretory vesicle
membrane becomes the outside of the cell membrane. The existence of
cell membrane components on the inner surface of secretory vesicle
membranes would be consistent with a biogenetic relationship between
the secretory vesicle and the cell membrane. In this report we des-
cribe evidence for the location of such cell membrane components, the
acetylcholinesterase and the acetylcholine receptor of the chromaffin
cell, within secretory vesicles.

RESULTS AND DISCUSSION
Secretory vesicles from adrenal medulla, isolated by differential cen-
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trifugation, were further purified on a continuous self generating
Percoll™ gradient. An osmclality of 420 mosmol/kg was maintained
throughoutlthe procedure. In this way highly purified secretory ve-
sicles wercobtained that leaked intravesicular adrenalin only slowly
(Gratzl,Krieger-Brauer and Ekerdt, 1981).

The vesicles were found to contain acetylcholinesterase with a speci-
fic activity of about 14 nmoles substrate hydrolyzed per mirland mg
protein (=total activity, determined in the presence of 0.2% Triton

X 100). With no detergent added and in media of an osmolality of 420

mosmol/kg enzyme activity amounted only to about 4% of the total ac-
tivity (Fig. 1).
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Fig.1. Latency of acetylcholinesterase of isola-

ted secretory vesicles. The vesicles were
incubated for 5 min at room temperature

in sucrose media of different osmolalities.
The enzyme activity was determined without
detergent added or with 0.2% Triton X 100
present (100%).

Reduction of the osmolality results in an increase of the enzyme acti-
vity. Below 200 mosmol/kg, an osmolality at which the vesicles have
depleted all their intravesicular adrenalin (Gratzl,1980), no further
increase in enzyme activity could be detected (Fig.1). During hypoto-
nic treatment (200 mosmol/kg) of secretory vesicles about one third
of the total acetylcholinesterase was released into the supernatant
(Table 1), while the remaining activity sedimented with the membranes.
Obviously a membrane-bound pool of acetylcholinesterase exists within
secretory vesicles along with the soluble pool which could also be re-
leased from the vesicles by 2 mM Mg2*+/ATP in the presence of KCl, but
not in the presence of sucrose (Table 1). Lysis of secretory vesicles
as a consequence of an ATP driven proton pump in the presence of a
permeant anion has been described earlier (Casey and Colleagues,1976).
Recently we have detected, that the membrane-bound form of acetylcho-
linesterase can be distinguished from the soluble enzyme by its elec-
trophoretic mobility (Gratzl, Krieger-Brauer and Ekerdt, 1981).
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Table 1 RELEASE OF ACETYLCHOLINESTERASE FROM
ISOLATED SECRETORY VESICLES

Medium Osmolality Acetylcholinesterase
(mosmol/kg) in Supernatant (%)

Sucrose 420 3.3

KC1 o 420 4.7

Sucrose, Mg“ ' /ATP 420 2.6

KCl, Mg2t/aTP 420 23.6

Sucrose 200 32.6

Isolated secretory vesicles were incubated for 30
min at 37°C in 20 mM Mops, pH 7.0, 1 mM EGTA and
sucrose or KCl to obtain the final osmolality as
indicated. The concentration of Mg2+ and ATP was

2 mM. The mixtures were centrifuged for 10 min at
130000 g, in a Beckman Airfuge™ and the enzyme
activity was determined in the supernatant. Total
enzyme activity (=100%) was determined in the pre-
sence of 0.2% Triton X 100.

The experiments described so far show, that secretory vesicles from
adrenal medulla contain two types of acetylcholinesterase, both se-
questered by the vesicular membrane from the surrounding medium. One
type is membrane-bound, but faces the intravesicular space, the other
type is part of the vesicular content. In the following we provide
evidence, that also the acetylcholine receptor is arranged in an asym-
metric way in the secretory vesicle membrane, namely on the inner sur-
face. a-bungarotoxin did not bind to intact secretory vesicles. How-
ever, when the vesicles were lyzed in the presence of the venom, spe-
cific binding was observed (Fig.2).
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Fig. 2 Binding of [3H] a-bungarotoxin to
secretory vesicles.



500 NEUROCHEHICAL RECEPTORS

Isolated secretory vesicles were lyzed hypotoni-
cally (final osmolality 170 mosmol/kg) in the pre-
sence of different concentrations of [3H] a-bunga-
rotoxin or [°H] a-bungarotoxin plus a constant
amount of unlabelled a-bungarotoxin (5x10°"M) . In-
cubation was continued for 45 min at room tempera-
ture. Membranes were separated from the medium in
a sucrose step gradient. The radioactivity of the
material recovered from the gradient was deter-
mined by liquid scintillation counting. Specific
binding was obtained from the difference between
the amount of [3H] a-bungarotoxin bound in the
absence and the presence of unlabelled a-bungaro-
toxin.

At the concentration of 40 nM specific binding of a-bungarotoxin was
approximately saturated and the number of binding sites was 33 fmole/
mg membrane protein. Saturation of a-bungarotoxin binding sites of
cell membranes isolated from adrenal medulla was observed at 4 nM and
the number of sites was 130 fmole/mg membrane protein (Wilson and
Kirshner,1977).

Concerning the distribution and the transport of acetylcholinesterase
and acetylcholine receptor, interesting parallel observations have
been made with chromaffin cells as well as with myoblasts. Both types
of cells in culture release soluble acetylcholinesterase into the me-
dium (Rotundo and Famborough,1980a, Rotundo and Famborough, 1980,
Mizobe and Livett,1980). In myoblasts, newly formed acetylcholines-
terase and acetylcholine receptors were found localized within intra-
cellular organelles. Although acetylcholinesterase is secreted in a
Ca2+-dependent manner by stimulated adrenal glands, the mechanism of
this process remained obscure (Chubb and Smith,1975a,Chubb and Smith,
1975b,Somogyi and Colleagus,1975). Since it has been shown now, that
acetylcholinesterase (as well as acetylcholine receptor) is present
within adrenal medullary secretory vesicles, an exocytotic pathway is
likely to occur.
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SUBJECT INDEX

Receptors and Membrane Proteins have been listed under their specific
names.

Acetylcholine 599 Ampholyte displacement chromato-
Acetylcholinesterase 105, 109, 497 graphy 955
Acetylcholine receptor 497, 781 Analytical zonal centrifugation
A-chain 927 649
Acholeplasma laidlawii 15, 175, 251 Angiotensin receptors 517
Acid alpha-glucosidase 869 Animal 'immunoglobulins' 789
Acid secretion 599 Anion transport 275
ACTH 377 Anion transport and arginine specific
Actin 295 reagents 279
Activated T cells 729 Anion-transport protein 113
Acute leukemia 623 Anti-beta, M-goat serum 201
ADCC 883 Anti Na (sodium) 255
Adenovirus glycoprotein 97 Antibodies to cell surface 291
Adenylate cyclase 381, 509, 531, Antibody binding test 759
579 Antibody detection 627
Adenylate cyclase inhibition 517 Antibody fixation 159
Adhesiveness 295 Antibody fragments 419
Adjuvant 401 Antibody heterogeneity 649
Adrenal medulla 497 Antibody response 671
Affinity chromatography 591, 763 Anti CEA 641, 921
Ageing 325, 329, 333, 341 Antigen density 883
Agglutination 747 Antigens - surface 247
Airways - of the rat 501, 505 Antigen specific factor 671
Alpha-adrenoceptor 505 Antigenic architecture 251
Alpha-foetoprotein 369, 591 Antigenic cross-reactivity of TPA
Alpha-glucosidase 869 143
Alpha, -microglobulin 777 Anti-glucocorticoid 393
Alpha_-macroglobulin 427 Anti-HCG 817
Alpha-=MSH 551, 555, 559, 563 Anti hIgG 817
Alpha-MSH receptivity 551, 563 Anti-idiotypes 563
Alpha-tissue antigen (alpha TA) 93 Anti-5'nucleotidase serum 147
Amino acid sequence 41, 57, 187, Anti-receptor antibodies 419
237 Anti-RHD antibodies 609
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Bloodgroups 49, 57
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CA-induced K leak 283
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Cardiac transplant 691

Cathepsins 397
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Cell adhesion 291
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Cell mediated cytotoxicity 231

Cell sorter 675
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Cellular transformation 303

Central nervous system 521

c GMP 333
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Cholate extract 263
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Cold agglutinins 619, 623
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Competition curves 555
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Complement Cl 439
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Complement (C3) receptors (C3R)
435

Complement receptors 443

Concanavalin-A receptor 147

Conditioned media 631

C, receptors 443

Creatine kinase BB isoenzyme 873

Crossed immunoelectrophoresis 183,
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Crosslinking 27

Cross reactions 191

Cross reactivity 789
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Cyclic adenosine monophosphate 571

Cyclic AMP 513, 579

Cyclic nucleotides 575

Cytochrome C 259

Cytophilic IgG 405
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Cytotoxicity 937
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Heavy chain C-region genes 37

Heinz body anaemia 125

Hemagglutinin 321

Heme hemopexin 463

Heme receptor 467

Hemin 467

Hepatocyte membrane binding 547

Hepatocytes 313, 389, 419, 423,
455, 463, 535

Hexose uptake 345

High-affinity autoantibody 873

Histamine 599

Histocompatibility 187

Histocompatibility antigens 205,
209, 221, 237

Histrionicotoxin 351

HLA - A, B, C 709

HLA antigens 723

HLA-D 729

HLA-DR 227, 713, 729

Homozygous typing cells 729

Hormone immunoassay 855

Hormone receptors 509

Hormone regulation 575

Human biosynthetic insulin 547

Human chorionic gonadotropin (HCG)
843

Human endothelial culture super-
natant (HECS) 609

Human erythrocyte ghosts 267

Human erythrocyte membrane 263

Human growth hormones 833

Human growth hormones subfractions
587

Human hematopoietic cell lines 805

Human IgD 37

Human kidney 139, 773

Human liver cells 341

Human lymphocytes 409

Human melanoma associated antigen
(High Molecular Weight) 893

Human melanoma cells 555, 559,
883

Human melanomas 559, 563, 877, 927

Human mouse hybridoma cells 609

Human prolactin 851, 855

Human renal adenocarcinoma 903

Human superficial spreading mela-
noma 551

Human-T-lymphocytes 405

Human trials 915

Hyaluronic acid 341

Hybridoma 247, 615, 627, 809,
855, 899, 921

Hybridoma antibody 907

Hybridoma growth pattern

Hybridoma technology 631

Hydrophobic chromatography 15,
359

Hydrophobic constant domain 45

Hydrophobic interactions 105

Hypocholesterolaemia 125

Hypophysis 521

627, 645

IA antigens 719
IgA receptor 419

Ig D 45
Ig Fc portion 401
IgG3 809

IgG immune complexes 649

Ig M 45, 809

Immune surveillance 231

Immunochemical characterization
of TPA 143

Immunocytochemistry 943

Immunocytochemistry autoradiography
555

Immunodiagnosis 877

Immunofluorescence 773

Immunoglobulin quantitation 785

Immunoglobulin receptors 431

Immunoglobulins 41, 789

Immunogold staining 943, 949

Immunohistochemical-autoradiogra-
phic visualization 547

Immunohistochemistry 889

Immunohistology 773

Immunological monitoring 691

Immunoperoxidase technique 723

Immunoprecipitation 155, 735,
793

Immunoregulation 671

Immunoregulatory drugs 683

Immunotherapy 877

Immunotoxins 927

Infectious mononucleosis 739

Infertility 195

Influenza virus-induced fusion 321

Inhibition binding assays 893

Inside-out vesicles 267

Insulin 595

Insulin metabolism 543

Insulin porcine 547

Insulin receptors 535

Interferon 763

Interferon treatment 883

Internalization 547

Interspecies crossreactivity 255
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Intestinal transport 271 Membrane glycoproteins 93, 337
Intrinsic factor receptor 377 Membrane lysis 603

In vitro stimulation 609 Membrane molecule 237

In vitro translation 97 Membrane protein clusters 337

In vivo growth €645 Membrane protein biosynthesis 221
In vivo scintigraphic studies 543 Membrane protein solubilization 171
Ion channel 351 Membrane proteins 15, 27, 39, 133
Ion pair 15 317

Iron 459, 467 Membrane reconstitution 79

Iron uptake 455 Membranes 175

Isoelectric point 955 Messenger RNA 97

Isolated cells 599 MHC 243

Microbial adherence 603

Microscopy - light 949
K-ATPase antibodies 255 - light and elec-
K" fluxes 329 tron 943

Milkfat globules 813

Mitochondria 259

Labelling 27 Mitogenic lectins 147

Lectins 307, 333 Mixed lymphocyte reactions 695,

Leukaemia 227, 451 719

Ligand binding sites 373 MNSS system 471

Lipopolysaccharides 317 Molecular heterogeneity 893

Liposome agglutination 79 Molecular weight of C3R 435

Liposomes 385 Monoclonal antibodies to human IgG

Liver 539 649

Liver adenylate cyclase 517 Monoclonal antibodies to estrogens

Liver microsomes 587 823

LH 837 Monoclonal antibodies to human leuko-

Local anesthetics 351 cyte interferons 763

Lou rat 615 Monoclonal antibodies 33, 227,

Lymphocyte 71 365, 427, 615, 619, 637, 641,

Lymphocyte activation 329, 333 653, 659, 663, 667, 671, 675,

Lymphocyte cytoskeleton 63 679, 687, 691, 695, 701, 705,

Lymphocyte stimulation 147 709, 719, 729, 737, 743, 747,

Lymphocyte subpopulations 663, 751, 755, 759, 769, 773, 777,
949 781, 789, 793, 797, 801, 813,

Lymphocytes 159, 163, 167, 221, 827, 833, 837, 843, 847, 851,
401, 943 855, 865, 869, 877, 883, 889,

Lymphosarcoma 313 893, 903, 911, 927, 933, 943,

Lysosomal enzymes 439 949

Lysomotropic agents 447, 463 Monoclonal anti-HLA antibodies 723

Monoclonal autoantibodies 861
Monoclonal human antibodies 623

Macro CK-BB 873 Monocytes 201
Macrophages 389, 431 Monomer/dimer/tetramer association
Major histocompatibility 231 equilibrium 117
Major histocompatibility complex Mouse hybridoma 801
729 M& antigen 57
Mgmmary glands 813 Multiple sclerosis 965
M~ antigen 57 Multiwire proportional counter 961
Melanoma 889, 915 Murine monoclonal antibodies 915
Membrane antigens 71, 155, 679, Murine T cell clones 133
793 Muscarinic receptors 381
Membrane associated tissular auto- Mutational hypothesis of Clark 551
antigen (MTA) 93 Myasthenia gravis 781
Membrane asymmetry 251 Mycoplasma identification 759

Membrane fusion 267 Myeloma cells 645
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Myome trium 527

N-acetyl neuraminic acid 619

Na®, K'ATPase 139, 329

Natural killer activity 653

Natural killer cell heterogeneity
663

Negative cooperative interactions
539

Neo antigenic determinants 427

Neutral glycosphingolipids 797

Neural receptors 483

Neuraminidase 321, 619

Neuraminidase-resistant 75

Neuron 247

Neuropeptides 521, 535

Neurotensin-receptor interactions
483

Neutralization test 559

Non-esterified fatty acids 369

Nuclear magnetic resonance 49

5'Nucleotidase 33, 147

Ozone 129

Para influenza-3-virus 101

Paramyxovirus - induced fusion 321
Pathological immunoglobulins 571,

5[:
PBE ¥M 955
Peptide hormones 477, 535
Peritoneal macrophages 439
Phagocytosﬁs 295
Pharmalyte 955
Phencyllidine 351
Phosphodiesterase 513
Phospholipase A2 267
Phospholipid liposome 263
Phospholipid monolayers 121
Phospholipid spectrin interactions
121
Phospholipids 105
Photoaffinity labelling 351
Physalaemin 477

Pigmented and unpigmented melanocytes

563
Pituitary protein hormones 855
Plasma hormone levels 567
Plasma membrane 33
Plasma membrane proteins 291
Plasminogen activator 299
Platelet aggregation 85
Platelet glycoprotein 79
Platelet membrane glycoprotein IB
359
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latelet membrane glycoproteins IIL

and IIIa 85

Poliomyelit%a virus 743

Polybuffer 955

Polyclonal antibody 769

Polymeric IgA 423

Polypeptides 18 and 38 KD 435

Pompe's disease 869

Portal route infusion 547

Post gamma globulin 769

Pre- and postmenopausal women 567

PR-antigens 365

Precursor cells 937

Prolactin liver receptors 587

Pregnancy 837

Preparative agarose-suspension electro-
phoresis 183

Prolactin 567, 847

Prostatic acid phosphatase 865

Proteases 259, 397

Protease inhibitors 397

Protein A (I1 5) 159

Protein acyla%lon 113

Protein cross-linking 129

Protein fractionation 155, 955

Protein-lipid interactions 175

Protein micelles 101

Protein processing and transport
259

Protein synthesis 377

Proteolytic enzymes 471

Purple membrane 183

Rabies virus 743

Rabbit 679

Rabbit B and T lymphocytes 687

Radiochemical analysis 187

Radioiodination 179

Radioimmunoassay 769, 873

Radiolabelling 237

Radiosequence of proteins 97

Rat 501, 615, 705

Rat cerebral cortex 535

Rat serum glycoprotein 209

Ratio beta_./beta receptors 167

RCAI lectin binding 341

Receptivity 563

Receptor binding 487

Receptor for heme 467

Receptor for polyanions 439

Receptor inhibition 471

Receptor intrinsic factor 385

Receptor-mediated endocytosis 389,
427, 447, 463

Receptors 477, 513, 595, 599

Receptors for regulatory peptides
595
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Recycling 447

Rejection 691

Relation structure function 377
Resealed ghost 283

Retroviral markers 559

RIA 637

Ricin 927

RNA oncogenic viruses 303

SA antigen 365

Sandwich immunoassay for interferon
763

Sandwich test 865

Schistosoma mansoni 179

Schistosomula 179

Screening procedures

Secretin 509, 513

Secretory component 419

Secretory vesicles 497

Selection 627

Self association 117

Semen 195

Seminal plasma 195

Separation techniques 175

Sequential immunodepletion 893

Serum bactericidal effect 317

Serum DBP 373

Serum protein binding 961

Sex steroids 567

Sheep erythrocyte membranes 267

Sheep red cells 671

Sialic acid 57, 75, 365

Sialoglycoprotein 49

Smooth muscle control 527

Sodium dodecyl sulfate - poly-acryla-
mide gradient electrophoresis 183

Sodium Dodecyl sulphate polyacryla-
mide slab gel 911

Soft agar cloning 627, 645

Soluble actin fraction 373

Soluble immune complexes 431

Specific actin binding 373

Specific binding demonstration 543

Specific binding sites 527, 535,
539

Specific drug carriers 389

Spectrin 121, 129

Spectrin-phospholipid interaction
127

Spectroscopy 467

Spermatozoa 195

Spontaneously hypertensive (SHR)
rats 531

Ss antigens 57

Stereospecificity 263

Steroid hormones 823

Streptococcal group A 797

631, 637

Streptococcal grouping 747

Structure-activity-relationships 393

Structure-activity studies 483

Subacute sclerosing panencephalitis
965

Subsets 713

Substance P 477

Subtypes 743

Subunite interaction 755

Subunit vaccine 101

Suppression 671

Suppressor cells 683

Suppressor factor 409

Suppressor/cytotoxic cells 653

Suppressor T cells 663

Surface antigens 179, 247

Surface glycopeptides 75

Surface glycoproteins 63

SV 40 159

Synaptic plasma membrane 151

Synaptosomes 535

Syncytium forming units 559

Synergism 751

Synthetic neurotensin analogues 483

T3 817

Targeting 921

T cell differentiation 675
T cell hybrid 671

T cell subsets 667

T cells 683, 705, 729

T cells cytotoxic 663

Ternary complexation 283

Tetanus toxin 247

Theory of immune complex formation
649

Thymocytes 679, 701, 705

Thyroglobulin 861

Thyroid 579

Tissue distribution 777

T lymphocytes 653, 659, 701

T-lymphocyte subsets 691

Torpedo electric organ 155, 793

TPA 143

Transcellular transport of IgA 423

Transfer electrophoresis 965

Transferrin 459

Transferrin iron 447

Transferrin receptor 227, 451,
455
Transformation 299, 451

Transformation antigen 739

Transformation enhancing factors
303

Transformed lymphocytes 739

Transmembrane interaction 287

Transmembrane linkages 63
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Triazolopyridazine 487

Tritium 961

Trophoblast 89

Tryptic peptide mapping 359

TSH receptor 571, 575

Tumor antigen 899, 903

Tumor associated antigens 93,
877, 889

Tumor cells 159

Tumor serology 877

Tunicamycin 67

Twodimensional immunoelectrophore-
sis 961

Ultrathin frozen sections 773
Univalent antibodies 313
Uterus 369

Vasopressin receptors 517

Vesicle release 109

Vindesine 921

VIP 509, 513, 595

VIP receptors 535

Virosomes 101

Virus polypeptides 965

Visualization of hormone binding
555

Vitamin B receptor 385

von Willebrand factor 79

Wheat germ lectin 89
Winn test 159

Zucker obese (fa/fa) rats 531
Zwitterionic detergent 33
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