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FIGURE 4: The UV spectrum of TPMA before (top) and after (bottom) reaction 

with cysteine as described in Materials and Methods. 
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FIGURE 5: Reaction of equimolar concentrations (17 µM) of TPMA and cysteine 

( •) and NTCB and cysteine (•). 
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FIGURE 6: Reaction of equimolar concentrations (17 µM) of TPMA and /3-

mercaptoethanol ( •) and NTCB and /3-mercaptoethanol (•). 
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NTCB), TPMA should cyanylate cysteine residues as efficiently as NTCB. 

TPMA induces cation flux in AChR enriched vesicles and this flux is antag­

onized by a-bungarotoxin (Figure 7). These flux experiments demonstrate that 

TPMA is an agonist for the AChR. 

The reaction of TPMA with AChR yields two products with Mr of 26K and 

22K (Figure 8). The concentration dependence of the cleavage was studied for 

both TPMA and NTCB, in order to contrast the affinity reagent (TPMA) to a 

non-affintiy reagent (NTCB) of similar chemical reactivity (Figures 9 and 10). The 

relative yields of cleavage product were determined by scanning the gels (Figure 

11). The concentrations where 50% cleavage occurs for TPMA and NTCB are 

about 150 µM and 1.5 mM, respectively. As there is an order of magnitude differ­

ence in the concentration dependence of the cleavage reaction, it is likely TPMA 

binds specifically to and subsequently cleaves the AChR. The concentration de­

pendence of the cleavage by TPMA is indicative of its binding to a site for agonists 

with relatively low affinity. Conversely, the equilibrium dissociation constant for 

the binding sites (high affinity) on the 40K subunits are in the range of 1 nM to 

100 nM for agonists under equilibrium conditions. 

The cleavage of AChR by TPMA is blocked by stoichiometric quantities of 

a-bungarotoxin with a-bungarotoxin binding sites (Figure 12). The formation of 

a product with Mr of about 68K is correlated with the blockage of cleavage. This 

is most likely to be a crosslinked product between the SK dalton a-bungarotoxin 

and the 60k subunit. This result suggests the site of cleavage is contained in the 

60K subunit. The yield of the 26K and 22K dalton products of the cleavage re­

action are reduced by inclusion of the agonist, phenyltrimethylammonium iodide 

(PTA) (Figure 13). The cleavage reaction involves two consecutive steps, cyany­

lation of the protein followed by cleavage of the peptide bond. As cleavage is 

probably the rate limiting step and PTA may only compete with cyanylation, the 

competition experiment must be done in a time range before the cyanylation goes 

to completion. Difficulty arises in generating sufficient cleavage in a short enough 

time for blockage of the cyanylation reaction by agonist. In order to eliminate this 
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FIGURE 7: Agonist-induced flux of TPMA. 22 Na+-loaded vesicles were assayed 

for 22 Na+ retained in vesicles as a function of time after mixing with agonist by 

the method of Wu & Raftery (1979). 0 µM agonist (A), 100 µM TPMA (B), 

1 mM TPMA (C), 100 µM carbamylcholine (D), 0.4% Triton X-100 (E), excess 

a::-BgTx over a::-BgTx sites and 1 mM TPMA (F), a::-bungarotoxin and 100 µM 

carbamylcholine (G). 
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FIGURE 8: The reaction of TPMA with 1 µM AChR. Lane 1, 0 µM TPMA; lane 

2, 250 µM TPMA. 
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FIGURE 9: The TPMA concentration dependence of cleavage of 1 µM AChR. 

Lanes 1-12; 0, 10, 50, 100, 150, 200, 250, 300, 400, 600, 1000, and 2000 µM 

TPMA, respectively. 
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FIGURE 10: The NTCB concentration dependence of cleavage of 1 µM AChR. 

Lanes 1-12; 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 3.0, 5.0, and 7.5 mM NTCB 

respectively. 
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FIGURE 11: The relative yield of the 28K dalton product is plotted against the 

concentration of either TPMA ( •) or NTCB (•). Data was gathered by scanning 

the gels shown in Figures 9 and 10. 
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FIGURE 12: Blockage of the reaction of 250 µM TPMA and 0.5 µM AChR with 

stoichiometric quantities of a:-bungarotoxin. Lanes 1-6; 0, 0.25, 0.50, 0.75, 1.0, 

and 2.0 µM a:-bungarotoxin. 
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FIGURE 13: Decrease in the yield of the cleavage reaction of 250 µM TPMA with 

1.0 µM AChR by the addition of PTA. Lanes 1-9; 0, 0.5, 1.0, 2.0, 4.0, 5.0, 6.0, 7.0, 

and 8.0 mM PTA. Lane 10 is a control lacking TPMA and TP A, which indicates 

the background cleavage in the absence of TPMA. 
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problem, the cyanylation step was performed in the presence of agonist, followed 

by centrifugation to remove the TPMA and PTA. Then the pellets were taken up 

in the cleavage buffer to effect cleavage. Inclusion of PTA during the cyanylation 

reaction reduces the yield of the cleavage (Figure 14). Separation of the cleav­

age into two steps should prove useful in further investigations on the kinetics of 

the cyanylation. As a-bungarotoxin is a competitive antagonist and PTA is an 

agonist, it is probable the cleavage reaction is taking place at an agonist binding 

site. 

The 60k subunit is degraded most rapidly and to a greater extent than the 

other subunits. Since TPMA is not stable over the entire time course of the reac­

tion, multiple additions of TPMA were used to increase the yield of the reaction 

(Figure 15 and 16). As the 60K subunit is degraded extensively, this indicates the 

site of cleavage is most likely in the 60K subunit. It is probable that there is a 

low-affinity binding site for agonists on the 60K subunit. 

DISCUSSION 

An affinity cleavage reagent requires the linking of a peptide bond cleaving 

functionality with a ligand that binds to a specific site. As PTA is an agonist for 

the AChR, it is not surprising that TPMA is also an agonist. In addition, the 

stabilization of the thiolate leaving group by the positively charged quarternary 

ammonium group allows the reagent to efficiently cyanylate proteins. 

A model depicting the interaction of the cationic TPMA with an amomc 

agonist binding site is shown in Figure 17. The likely candidates for the site of 

cleavage in the 60K subunit are cysteine residues 230, 252, and 301 based on 

the Mr of the cleavage products [residues are numbered according to Noda et al. 

(1983b)]. Cysteine residue 252 is unique to the 60K subunit, whereas cysteine 

residue 301 is conserved in the 60K and 65K subunits. Cysteine residue 230 is 

conserved in all four subunits. Preliminary experiments on the rate of cyanylation 

of the AChR receptor by TPMA indicate the reaction is significantly slower than 
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FIGURE 14: Decrease in the yield of the cleavage reaction of 500 µM TPMA with 

1.0 µM AChR by the addition of PTA at pH 8.0 as described in Materials and 

Methods. Lanes 1-5; O, 0.1, 1.0, 5.0, and 10.0 mM PTA. 
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FIGURE 15: Multiple additions of TPMA to increase the yield of the cleavage 

reaction. Conditions are described in Materials and Methods section. Lanes 1, No 

TPMA added; Lane 2, multiple additions of TPMA. 
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FIGURE 16: A gel scan of the reaction of AChR with multiple additions of TPMA. 

Conditions are described in Materials and Methods section. No TPMA added (a) 

and multiple additions of TPMA (b). 
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FIGURE 17: A model depicting the interaction of the cationic TPMA with an 

anionic binding site. 
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the reaction with free cysteine. This reaction is not blocked by the alkylation of 

the AChR receptor with iodoacetamide during the preparation. Therefore, the 

cysteine residue that reacts with TPMA is not exposed to the aqueous phase. It 

is either buried in a hydrophobic pocket of the protein or the lipid bilayer, either 

of which could be near or contribute to an agonist binding site. 

Labeling of the Torpedo californica AChR with N-phenylmaleimide inhibits 

the ion-channel activity of the AChR (Yee et al. 1986). As treatment with iodoac­

etamide was also included in the preparation of the AChR, this site is not exposed 

to the aqueous phase. The 60K (I) subunit incorporated the most label during 

the reaction with [3 H]N-phenylmaleimide. This preferential labeling of the 60K 

subunit with a hydrophobic sulfhydryl labeling reagent may be the same site at 

which TPMA is reacting. 

Although the affinity labeling studies with BrACh and MBTA have conclu­

sively demonstrated the existence of agonist binding sites on the 40K subunit, the 

dependence of labeling on the presence of an easily reducible disulfide bond may 

not allow labeling of all agonist binding sites. Kao & Karlin (1986) have demon­

strated cysteine residues 192 and 193 in the 40K subunit form a disulfide bond 

which, after reduction, are the residues specifically labeled by MBTA. Witzemann 

and Raftery (1977), using the more general photoaffinity label, DAPA, found both 

the 40K and the 60K subunits were labeled. This labeling was specifically blocked 

by both a-bungarotoxin and DAP. Our results are consistent with this earlier 

finding. 

Mishina et al. (1986), by expression of AChR in a Xenopus oocyte system, 

have found that receptors with different conductance and gating properties result 

when oocytes are injected with subunit-specific mRNA for the a, /3, /, and o 
subunits or the a, /3, /, and f. subunits of calf. These results indicate the / 

subunit (in calf) is involved in determining gating and conductance properties . 

The possibility arises that a low-affinity agonist binding site on the 60K subunit 

may also be involved in gating properties of the AChR. The simplest explanation 

is the occupation of this site may be linked to channel opening. 
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The finding by Catsimpoolas & Wood (1966) that scission of a disulfide bond 

by cyanide yields a sulfhydryl and a thiocyano group, which subsequently effects 

cleavage of the peptide bond, prompted the development of a reagent which could 

cyanylate cysteine residues in high yield. NTCB cyanylates cysteine residues in 

high yield, since the resonance stabilized thiolate is a good leaving group (Figure 

18). A mechanism for the cleavage of the peptide bond, which is catalyzed by 

hydroxide ion, has been proposed by Jacobsen et al. (1973) (Figure 19). 

The demonstration of sequence homology between all four of the AChR sub­

units (Raftery et al. 1980; Noda et al., 1982, 1983a,b) supports the notion that 

multiple agonist binding sites exist. Evidence for sites other than those labeled 

by the affinity reagents, BrACh and MBTA, has been aquired by monitoring flu­

orescent changes of a covalently bound probe (Dunn & Raftery, 1982). Specific 

labeling of both the 40K and 60K subunits by the photoaffinity probe, DAP A, 

indicates there may be a binding site on the 60K subunit. In this communication, 

the cleavage of a peptide bond by an affinity cleavage reagent provides evidence 

for a low-affinity binding site on the 60K subunit. 
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FIGURE 18: Cyanylation and subsequent cleavage of a protein with NTCB or 

TPMA. 
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FIGURE 19: A mechanism for the cleavage reaction proposed by Vanaman & 

Stark (1970). 
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