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Detergent biding studies indicated that the neural enzyme, acetylcholinesterase, did not exhibit the properties of an in- 
tegral niembrane protein. The 11s form was isolated by affinity chromatography from a tryptic digest and the 14s and 
185 forms in like manner from an undigested preparation. Studies were performed with [3H]TX-100 to determine the ex- 
tent of binding by these forms and with catalase and human low density lipoprotein as reference proteins_ All forms of the 
enzyme bound less than 0.04 mg TX-lOO/mg protein which is only slightly higher than binding by catalase and about 25 
fold lower than the binding exhibited by low density lipoprotein. 

1_ Jntroduction 

Recently, much of the research on acetylcholines- 
terase (EC 3.1.1.7) has centered upon the means by 
which this enzyme is attached to the neural or possi- 
bly basement membrane_ In general, the problem ap- 
pears to involve relative contributions between lipo- 
philic and electrostatic or hydrogen bonding. Thus, 
the work of Brodbeck and coworkers [ 1,2] clearly 
shows the importance of TX-100 labile bonds (presum- 
ably lipophilic bonding sites) in the integration of ace- 
tylcholinesterase (AChE) into human erythrocyte mem- 
brane. Correspondingly, for eel and torpedo enzyme, 
the investigations of Massoulie and colleagues [3 J as 
well as dais from the laboratories of Rosenberry [4], 
Taylor [S] , Dudai and Silman 163 and the work of 
Johnson et al. [7] present compelling evidence for the 
involvement of a salt sensitive binding mechanism in- 
volving a 500 nm coil _ p-r-like tail- However, the orien- 
tation and membrane lock:. - of AChE cannot be ful- 
ly described without knowing the degree of lipophili- 
city possessed by the enzyme. If the enzyme has a 
high degree of lipophihcity, which can be detected by 
detergent binding studies [S], then penetration deep 
into the lipid biiayer is energetically feasible_ A low de- 
gree of lipophilicity would preclude this arrangement. 

We present here studies on the TX-1 00 binding (lipo- 
philicity) characteristics of several AC&E sizeozymes 

co3- 

2. Materials and methods 

2.1. C?zemicais 

Electrophoretically and centrifugally pure 11 S ace- 
tylcholinesterase (AChE) was isolated from a trypsin 
(E-C. 3.4.4.4, Worthington) digest of irorutigenized 
electric eel tissue (E. electricus, Paramount Research 

Supply Co., Ardsley, N-Y_) by affinity chromatography 
essentially according to Dudai et al. [I 0] followed by 
chromatography on hydroxylapatite [ Ill_ 18s enzyme 
(a mixture of 18s and 14s enzymes) was prepared sirn- 
ilarly by omitting the trypsin step_ Human low density 
lipoprotein (LDL) WT.? a gift of Dr. James Osborne. 
Catalase (E-C. 1 -11 -1.6) was obtained from Sigma. 
Hydroxylapatite was a Bio-Rad product; Aquasol was 
purchased from New England Nuclear, [3H] TX-100 
was purchased from Rohm and Haas and New England 
Nuclear_ Several different stock preparations of differ- 
ent specific activity were used. Bovine albumin was a 
Pentex product, and Flurarn was obtained from Roche 
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Diagnostics. All other chemicals were reagent grade or 
better. 

2.2. Density gradient centrifugution 

Five ml linear density gradients were constructed 
from 5% and 20% sucrose solutions containing 0.01 M 
sodium phosphate @H 7.5) and 0.05% [3H] TX-100 
[ II?]_ Operationally, 0.1 ml samples of protein (- 2-3 
mg/ml) in 0.01 M sodium phosphate (pH 7.5) contain- 
ing 1% unlabeled TX-l 00 were layered onto the chilled 
gradients and centrifuged in a Beckman-Spinco L2-75B 
centrifuge using 2 SW50.1 rotor at 32000 t-pm for 16 h 
at 4°C. The gradients were collected in 0.15 ml frac- 
tions and assayed for AChE activity using the Ellman 
assay [ 133. One unit of AChE activity is defined as the 
change in absorbance at 412 nm/min. Catalase was as- 
sayed for enzymatic activity [ 143 and one unit of ac- 

tivity is defined 2s the change in absorbance at 240 nm/ 
min. LDL was assayed for protein by reacting with the 

- to 

Fig. 1. Analysis of the biding of t3H] TX-I 00 to 11s acetyl- 
cholinesterase using the SUCIOS~ density gradient technique of 
Qark [ 12]_ There are approximately 0.2 m&ml of enzyme in 
the peak tub:_ Other details are in the text_ 

Fiuram reagent using bovine albumin as standard [I 5] - 
0.05 ml aliquots of the collected density gradient frac- 
tions were added to 10 ml aliquots of Aquasol and 
counted for radioactivity in 2 Packard TF&CABB, mod- 
el 3375, scintillation counter. 

2.3. Column chromatograpizy 

A column of hydroxylapatite (1.5 X 4 cm) was 
equilibrated with a minimum of 100 ml of 0.01 M so- 
dium phosphate (pH 7.5). Protein samples were made 
up in and dialyzed overnight against this solvent, ap- 
plied to the column, and then washed with the above 
buffer containing 0.05% unlabeled TX-100. The column 
was then washed with 0.01 M sodium phosphate (pH 
7.5) containing 0.05% r3H] TX-loo. After this wash, 
protein was displaced from the column by washing 
with 0.3 M sodium phosphate (pH 7.5) containing 
0.05% f3H] TX-1 00. 0.2 ml aliquots of the collected 
fractions were added to IO ml of Aquasol and counted 
for radioactivity. Protein peak tubes were counted in 
triplicate. Fluram determinations were performed for 
all proteins; in addition, AChE and catalase were esti- 
mated by enzyme activity. 

3. Results and discussion 

3.1. Sedimentation anabsis 

Fig. 1 shows the distribution of the radioactivity 
and AChE activity in a sucrost density gradient deter- 
gent binding experiment modeled after Clark [ 121. 
Note that there is no discemable peak of radioactivity 
which is coincident with the enzyme activity peak. 
The horizontal arrows indicate the level of radioactiv- 
ity which would have been attained had the peak tube 
of activity bound 1_0,0.5,025 mg, or 0.1 mg of TX- 
100 per mg of enzyme. Considering the fluctuation of 
radioactive counts wi’lhin the plateau area (where no 
enzyme is present), this experiment suggests that if 
11s AChE does bind detergent, a possible upper Limit 
of binding is of the order of 0.1 mg detergent per mg 
protein. Similar results were obtained when catalase, 
a cytoplasmic protein and not expected to be hpopm- 
ic (32), was subjected to the same test, With LDL, we 
found approximately 0.9 * 0.2 mg of detergent bound 
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per mg of LDL (determined in triplicate). This level of 
binding is to be compared with 0.9 mg/rng reported by 
Clark [ 123. As fig. 1 shows, the sucrose density gra- 
dient binding technique did not possess sufficient sen- 
sitivity in our hands :o accurately determine the actual 
lower binding limits for AChE due to the limited 
amount of protein (--100-300 pg) we could layer on 
the gradient and the high f!&tuatioa in counts through- 
out the gradient. Therefore, we turned to the chromato- 
graphic method described below for resolution of this 
problem. 

3.2. cilromatogmphic umdysis 

Figs. 2A, B, and C show the results of binding ex- 
periments conducted on hydroxylapatite columns at 
room temperature with 11 S AChE and catalase and 
LDL as test proteins. The horizontal arrows in fig. 2A 
indicate the levels of radioactivity which would have 

FRACTION NUMXR 

fig. 2k analysis of the binding of [=‘H] TX-100 to 11s ace- 
tylcholineste= using hydroxylapatite chromatography. The 
vertical arrows indicate, respccdvely, introduction of 0.01 M 
phosphate buffer (#-I 7.5) containing 0.05% i3H] TX-100 and 
0.3 M phosphate buffer (pH 7.5) contrdning 0.05% [‘HI TX- 
100. The peak tube contains approximately 1.4 mg/ml of en- 
zyme. Fraction size: -1.5 ml. Other details are in the text. 

been attained had the peak tube of 11 S AChE botind 
0.1 , 0.05 or 0.025 mg of TX-100 per mg of enzyme. 
The experimental data indicate that if 11s AChE binds 
TX-1 00, the level of binding is at 0.025 mg/mg or be- 
low (-15 moles TX-lOO/mole enzyme). The finer dis- 
crimination achieved with the chromatographic tech- 
nique versus the sedimentation technique (fig. 1) is 
apparent. This improvement is due to the larger amount 
of protein employed (-2 mg) and its subsequent elu- 
tion in a relatively small volume. 11s AChE behaves 
more like catalase, fig. 2B: a cytoplasmic protein which 
gives no evidence of binding than it does LDL, fig. 2C, 
for which the binding is patent and at a Ievel of 1 .l i 
0.2 mg/mg. This latter figure for LDL is in good agree- 
ment with literature values (12) and with the value de- 
termined by the sucrose gradient technique as reported 
above. For ail these proteins, identicaI degrees of bind- 
ing were found on repeating these experiments at S’C. 

Under our preparation conditions, 11s enzyme is 

fig. 2B. Analysis of the biding of 13H] TX-100 to ~ataIa~e 
using hydroxylapatite chromatography- The vertical arrows 
indicate, respectively. introduction of 0.01 M phosphate buf- 
fer (PH 7.5) containing 0.05% 131-IJ TX-100 and 0.3 M phos- 
phate buffer (pH 7.5) containing 0.05% [3H] TX-loo. There 
are approximately 1-5 mg/ml of cat&se in the pezk tube. 
Fraction size: -1.5 ml. Other details are in the text. 
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FRnCTlON NUMBER 

I-&. 2C. Analysis of the binding of 13H] TX-100 to human low density lipoprotein using hydroxykqzatite chromatography. lSle 
vertical arrows indicate, respectively. introduction of 0.01 iif phosphate buffer (pH 7.5) containing 0.0570 13H]TX-100 and 0.3 hi 
phosphate buffer (pH 7.5) containing 0.05% 13Hj TX-100. There are appmximately 3.9 mg/ml of LDL in the peak tube_ Fraction 
size: -I .5 ml. Other details are in the text. 

FRACTION NUMBER 

i3g_ 3. Analysis of the binding of 13H ] TX-I 05 to 18s a~etylctdinesteraserase using hydioFyiapatite chromatography- The vertical 
zrou”s indicate, respectively, iotroductkn of 0.01 hi phosphate buffer (pH 75) containing 0.05% #3N]T%~O0 and 0.3 M phos- 
phate buffer (pH 7.5) co&&Gig 0.05% 13W] TX-IO& There axe appoxdmately 0.8 mgfml of enzyme in the peak tube. Fzattion 
size: -0.8 ml. Other derails are in the text. 
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proteolytically derived from 18s AChE, the form in 

which the enzyme most likely exists in situ. 18S en- 
zyme is constructed of three tetmmers grouped around 
one end of a tail estimated to be about 500 nm in 

length [S], whereas the 14s form has only two tetra- 
mers attached to the tail. The tail has been recently 
suggested to be of a collagen-like nature [4-71 and 
has also been reported to be the major distinction be- 
tween the 11 S and higher molecular weight forms 
[4-71. Since the 3 iS tetramer does not exhibit the 
detergent binding characteristics of known integral 
membrane proteins, the possibility that the 18s enzyme 
in situ might be an integral membrane protein hinges 
on the possible lipophilic nature of the tail. Fig. 3 
shows the results of a chromatographic binding experi- 
ment on a preparation of 18s AChE designed to test 

this alternative.. Binding in this case is also very low, 
being about 0.025 to 0.034 mg TX-tOO/mg protein 
(42 to 57 moles TX-ZOO/moie 28s). This range was 

calculated using binding values of 0.025 or zero rug 

T%lOO per mg of 11s in this preparation (sucrose 
density gradient analysis performed on the day of the 
experiment gave 12% 11s enzyme and 88% of a mix- 
ture of 185 + 145 enzymes). If the 18s tail contained 
a distribution of hydrophobic residues such that it 

bound at least the equivalent of one micelle of TX-1 00 
(as many other membrane proteins appear to do il6 j 
and see table 1) and assuming the remainder of 18s 
protein to bind no TX-I 00, the level of binding we 
should have observed was of the order of 0.06 to 0.07 
mgfmg of ?SS. The observed binding is much less, be- 
ing comparable on a molar basis, to the major RBC 
glycoproteins (table I). The results presented above 
show that various forms of the neural enzyme, AChE, 
as isolated from the electric eel bind small amounts of 
TX-1 00 (when expressed as mg TX-I OG bound per I&I 
protein) and in this respect do not behave operational. 
iy 3s most integral membrane proteins do ( f 12; and 
table 1). However, vbei. “Y?ressed on a mo?ar basis, 
the similarity of amounts of TX-IN bound by the ma- 

Table 1 
_TSmdingof TX-100 to 1ipoplGli~ and lipophobic proteins 

Protein MdecuIar weight 

k Cytochrome b5 16,200 
Mkior #SC glycopzotein 1~5,000 
?blajor RBC @ycoprotein 28,000 
Grycoproteins I,1 00,000 
SF virus membrane 150,000 
opti 75,000 
Cytochrome oxidase 308,000 
Cholmergic receptor 470,000 Rhodopsin 39,100 

Rhodopsin 39,100 

mg TX-1 00 Moles TX-1 00 
bound bound 

mg protein hlole protein 

4.0 100 
0.77 207 
1.12 48 
0.21 355 
0.54 125 
0.70 81 
0.3 142 
0.3 216 1.64 99 

1.10 66 

3. Bovine semm albumin 
Human serum albumin 
Aldolase 
Chymotwpsinogen 
Cytochrome C 
G3P De&xlrogenase 
rGtob&n 
Hemoglobin 
Lysozyme 
Ovalbuain 
ovaSlmin 
Human Uansferrin 

68,000 0.025 
68,000 0.07 

149,100 40.02 
23,240 r10.03 
13,370 <o-o2 

136,000 (0.02 
153,100 <0.05 
64,000 to.01 
17?200 to.02 
43,500 KO.03 
43500 (0.01 

2.6 
7-3 

(4.6 
Cl .I 
co-4 
(4.2 

C12.G 
<I.0 
to.53 
Q-0 
CO.67 

74,000 <O.OS <5_7 [2oj 
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jor RBC glycoprotein (itself an integral membrane pro- 
tein [ 12 J) and the 18s acetylcholinesterase might lead 
to the unwarranted speculation that 18s enzyme is an 
Integral membrane protein. Another potentially nse- 
ful means of measuring the relative lipophihcities of 
TX-IO0 binding proteins would be to compare the 
percentage of protein surface area occupied by the 
bound detergent. This calculation is made possible by 
the fact that TX-100 binding does not denature pro- 
teins and hence result in a major conformational 
change. For the sake of convenience, the proteins 
have been treated as spheres and thus *he calculated 
surface areas onIy serve as crude approximations to 
the true surface a_za, In these calculations, the contact 
area per detergent molecule of average MW 650 was 
taken as 70 A2 [ f 71. These calculations showed for 
the proteins of Section A that bound TX-100 “occu- 
pied” 40% (cytochrome oxidase) to 200% (cyto- 
chrome b5) of the theoretical surface area. The very 
high value for cytochrome b5 presumably reflects 
both micellar binding and the fact that TX-100 binds 
cjnly to a small portion of the protein [ 161. The cyto- 
plasmic and circulating proteins (for which a spherical 
model more closely approximates the true shape) have 
only 0.7% (hemoglobin) to 6% (human serum albumin) 
of their surface area occupied by bound TX-I 00. For 
13 S and 18s acetyIcholinesterase. and assumitzg the 
data in figs. 2A and 3 represent ??IQX&ZQ~ detergent 
binding, we calculate 3 and 5% of their surface area 
could be “occupied” by bound TX-100. Consequent- 
ly, the surface of AChE appears to be devoid of large, 

accessible hydrophobic regions. Hence, deployment 
of the bulk of the AChE molecule deep into a lipid bi- 
layer would seem to be diftTcult. The recent findings 
of Watkins et al. [IS] that sphingomyelin but not 
phosphatidylchoiine binds to “tailed” AChE in a salt 
dependent manner may indicate that a highly special- 
ized geometry of the AChE binding vehicle is required. 
Our data suggest that binding of eel AChE to the neu- 
ral membrane or synaptic structural components is not 
effected by a large scale hydrophobic lipid-protein in- 
teraction such as those demonstrated for integral mem- 
brane proteins IS, 12,16]. 
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