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Abstract 

The γ-aminobutyric type A receptor (GABAAR) is the major inhibitory receptor in the 

mammalian CNS and the target of numerous pharmaceuticals. The α subunit of these pentameric 

Cys-loop neurotransmitter-gated ion channels contributes to the binding of both GABA and 

allosteric modulators such as the benzodiazepines, suggesting a role for this subunit in the 

conformational changes associated with activation of the receptor.  Herein we use the nonsense 

suppression methodology to incorporate a photoactivatable unnatural amino acid, and 

photochemically cleave the backbone of the α subunit of the α1β2 GABAAR in a linker region 

that is thought to span the subunit.  Proteolytic cleavage impairs GABA but not pentobarbital 

activation, strongly suggesting that conformational changes involving this linker region are 

critical to the GABA activation pathway. 
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Introduction 

  The γ-aminobutyric acid type A receptor (GABAAR) is a member of the Cys-loop family 

of ligand gated ion channels and mediates rapid inhibitory synaptic transmission in the 

mammalian nervous system.  In addition to direct activation by the neurotransmitter GABA, the 

activity of GABAARs  can be allosterically modulated by a variety of compounds, including 

benzodiazepines (BZDs), barbiturates, volatile anesthetics, alcohols, and neuroactive steroids 

(Akabas, 2004).  Identifying the mechanisms by which both GABA and these allosteric 

modulators affect the conformational movements within the GABAAR is critical for 

understanding the underlying actions of these pharmaceuticals.   

 The GABAAR shares a similar function and topology to the rest of the Cys-loop 

neurotransmitter-gated ion channel superfamily.   At rest, GABAARs are in a closed, non-

conducting state.  Binding of two molecules of GABA initiates a conformational change, termed 

activation, to an open, ion-conducting state.   Each GABAAR is comprised of five homologous 

subunits arranged pseudo-symmetrically around the central ion-conducting pore.  In addition to 

numerous biochemical studies, structural information relevant to these receptors has been 

provided by the crystal structure of the acetylcholine binding protein (AChBP) (Brejc et al., 

2001) and the cryo-EM structure of the Torpedo californica nicotinic acetylcholine receptor 

(nAChR) (Unwin, 2005).  Each subunit has a large extracellular amino terminal domain, 

followed by four membrane spanning helices and a short extracellular carboxy terminal tail.  The 

extracellular domain consists of two antiparallel β sheets, with the β strands connected by 

unstructured loops that contribute to the ligand binding site (Brejc et al., 2001; Corringer et al., 
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2000) and to the activation pathway (Bouzat et al., 2004; Chakrapani et al., 2004; Hanek et al., 

2008; Xiu et al., 2005).   

 GABAARs are typically formed by assembly of α, β, and γ subunits, with the most 

prevalent form in the mammalian brain formed by α1-β2-α1-β2-γ2 (Figure 1).  As seen with other 

Cys-loop receptors, maximal activation of the receptor requires the binding of two GABA 

molecules at interfacial binding sites defined by the β (primary binding elements) and α 

(complementary binding elements) subunits. Communication between these two binding sites is 

evidenced by Hill coefficients >1 seen in dose-response curves.  The α subunit is unique in that 

it also contributes directly to the modulatory BZD binding site, located at the α/γ interface.  

Receptors lacking the γ subunit are also viable and, of course, unresponsive to BZDs.  In the α-

β-α-β-γ receptor, the binding of a BZD is thought to initiate an allosteric transition in the protein 

that indirectly modifies the conformation of the GABA binding site (Changeux and Edelstein, 

1998). This communication across the α subunit could also play a role in the inter-subunit 

communication associated with the cooperativity of GABA binding. 

 Numerous mutagenesis and cysteine-labeling studies of α1 have identified key residues in 

the complementary component of the GABA binding site and the BZD binding site.  These 

residues can be associated with the canonical “loops” first identified in studies of the nAChR.  

His101 on loop A is essential to BZD binding (Berezhnoy et al., 2004; Buhr et al., 1996; Kucken 

et al., 2003), while a number of residues on loop E, beginning with N115, contribute to the 

complementary GABA-binding component of the α subunit (Cromer et al., 2002; Kloda and 

Czajkowski, 2007).  These residues are connected through a linker that is unstructured in both 

the AChBP and the cryo-EM nAChR structures.  Binding at the GABA and/or the BZD site 

could influence the structure of this linker, propagating a structural change across the α subunit.  
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This would allow direct communication between the GABA and BZD sites, and could also 

contribute to intersubunit communication between the GABA binding sites.   

 In the present work, we disrupt this linker region and evaluate the impact on agonist-

mediated receptor function in the α1β2 GABAAR.  In particular, we use nonsense suppression 

(Nowak et al., 1998; Nowak et al., 1995) to site-specifically incorporate the photoresponsive 

unnatural amino acid nitrophenylglycine (Npg) into this linker (England et al., 1997).  Exposure 

to UV light then initiates photochemical cleavage of the GABAAR backbone via a well-

precedented mechanism (Scheme 1).  If communication across the α subunit is essential for 

receptor function, then cleavage of the linker backbone might be expected to alter the 

responsiveness of the receptor to agonist.  Indeed, we find that photolysis leads to receptors that 

are unresponsive to GABA but still activated by the noncompetitive agonist pentobarbital.  The 

results suggest a critical role in receptor function for this unstructured, linker region. 

Materials and Methods 

Mutagenesis and preparation of mRNA: Human α1 and β2S GABAAR genes in pGEMHE 

were obtained from S.C.R. Lummis (Department of Biochemistry, University of Cambridge, 

Cambridge, United Kingdom).  QuikChange PCR (Stratagene) was used to make α1V107TAG, 

α1M111TAG, α1M113TAG, and α1P114TAG mutants and mutations were confirmed by 

sequencing.  The cDNA was linearized using Nhe1 (Roche) for the α1 subunit and either Spe1 

(Roche) or Sph1 (Roche) for the β2S subunit.   The mMessage mMachine kit (Ambion) was used 

to generate capped mRNA for oocyte injection.  

Oocyte Injection: Wild type α1β2S mRNA was mixed in a 1:1 ratio and diluted to a final 

concentration of 100 ng/μl.  Each oocyte was injected with 50 nl of mRNA mix, equivalent to 5 

ng of mRNA mix.  For suppression experiments, a 5:1 mix of the mRNA of the mutated α1 gene 
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and β2S at a final concentration of 1 μg/μl was used.  The mRNA mix was mixed in a 1:1 (by 

volume) ratio with the deprotected aa-tRNA.  Each oocyte was injected with a total volume of 50 

nL of RNA mix; 25 ng mRNA and 15-50 ng of aa-tRNA. After injection, oocytes were incubated 

for 24-48 hours at 18°C prior to electrophysiology recordings.  As controls, mRNA alone or 

mRNA mixed with dCA-tRNA (no unnatural amino acid attached) were injected into oocytes.   

Characterization of mutant receptors: Peak GABA-induced currents were recorded at 22-

25°C from individual oocytes using the OpusXpress system (Axon Instruments, Molecular 

Devices). A stock solution of 10 mM GABA (Sigma, St. Louis, MO) in ND96 buffer (in mM: 96 

NaCl, 2 KCl, 1 MgCl2, 1.8 CaCl2, 5 HEPES, pH 7.5) was made fresh for each day’s recording.  

Drug solutions were made from the stock by dilution in ND96 buffer.  Drug was delivered to 

cells via the automated pipette tips of the OpusXpress.  Glass microelectrodes were backfilled 

with 3 M KCl and had resistances of 0.5-3.0 MΩ.  The holding potential was -60 mV.  To 

determine EC50 values, GABA concentration-response data were fitted to the Hill equation (Eq. 

1), where Imax is the maximal peak current and n is the Hill coefficient:   

 

I

Imax

= 1

1+ (EC50 /[A])n

 (1)
 

The biphasic dose response relationship in Figure 3 was fit using the modified Hill 

equation for biphasic data sets (Eq. 2).  Imax is the peak current, c indicates the weighting 

coefficient for the lower portion, EC50,1, EC50,2, n1, and n2 refer to the lower and upper EC50 and 

Hill coefficients, respectively.  The fit should be considered approximate and is subject to the 

choice of initial parameter values. 

 

I

Imax

= c
1

1+ (EC50,1 /[A])n1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + 1− c( ) 1

1+ (EC50,2 /[A])n 2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 
 (2) 
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The dose response relationship for pentobarbital (purchased as pentobarbital chloride 

from Aldrich) was determined in the same manner as for GABA.  For concentrations of 

pentobarbital that caused channel block, the tail current was used to determine Imax.  For 

determination of Imax values from both GABA and PB, a high dose of GABA was applied, 

followed by a saturating does of GABA (IGABA) and then a saturating dose of PB (IPB).  PB 

solutions were stored at room temperature to minimize crystallization. 

Oocyte Irradiation: Oocytes in ND96 containing theophylline, sodium pyruvate and 

gentamycin (ND96+) as well as 4% horse serum were irradiated at 4°C in sterile 12 well 

polystyrene plates (Greiner bio-one Cellstar) with the lid in place.  The irradiation source was a 

288 W Hg lamp (BLAK-RAY Longwave Ultraviolet Lamp, Ultraviolet Products, San Gabriel, 

CA) equipped with a 360 nm band pass filter at a distance of 15-30 cm for a total of 8 hours, 

unless otherwise indicated.  The oocyte bath solution (ND96+ with 4% horse serum) was 

replaced every 1.5-2 hours to avoid excessive heating.  Non-irradiated oocytes were maintained 

at 18°C.  Prior to electrophysiology measurements, irradiated oocytes were placed in fresh 

ND96+ with 4% horse serum at room temperature for at least 30 minutes.  This led to more 

negative resting potentials and smaller leak currents, but did not affect the dose response 

relationships or Imax values. 

 Preparation of aa-tRNA:  Met-tRNA was prepared as described previously (Nowak et al., 

1998; Nowak et al., 1995).  Briefly, methionine was protected using a nitroveratryloxycarbonyl 

group and the carboxylic acid was activated as the cyanomethyl ester.  The activated compound 

was coupled to the dinucleotide dCA, which was then enzymatically ligated to 74-mer THG73 

tRNACUA as detailed previously.  
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Npg-tRNA was prepared as described previously (England et al., 1997).  

Nitrophenylglycine was prepared according to published procedures (Davis et al., 1973; England 

et al., 1997; Muralidharan and Nerbonne, 1995). The amino group was protected with an I2(aq) 

labile 4-PO group (England et al., 1997; Madsen et al., 1995), and then the carboxylic acid was 

activated as the cyanomethyl ester and the activated compound was coupled to the dinucleotide 

dCA, which was then enzymatically ligated to 74-mer THG73 tRNACUA as detailed previously 

(Nowak et al., 1998; Nowak et al., 1995).  

The aa-tRNAs were stored with the amino groups protected.  Prior to mixing the aa-

tRNA with the mRNA mix, the aa-tRNA was deprotected.  Met-tRNA was deprotected by 

photolysis at 350 nm for 5 minutes.  Npg was deprotected by mixing (1:1 by volume) Npg-tRNA 

with a saturated solution of aqueous iodine for 10 minutes at room temperature.  One equivalent 

of mRNA mix was added to the deprotected aa-tRNA prior to injection.  This yielded a total of 

16.7 ng each of mRNA and Npg-tRNA per oocyte for Npg experiments and 25 ng each of 

mRNA and Met-tRNA per oocyte for wild type recovery experiments. 

Statistical Significance of the mean Imax for oocytes exposed to UV light vs. those that 

were not exposed to UV light was determined by the Students t-test of unpaired data with equal 

variance.  A Students t-test of paired data with equal variance was used to compare the 

pentobarbital-induced and GABA-induced Imax values.  A statistical comparison of Imax values 

between Npg containing and non-Npg containing receptors would not be meaningful due to 

likely differences in expression levels.  Error values for EC50 values and Hill coefficients are 

standard errors of the mean, averaging valued obtained from individual oocytes.  A detailed 

discussion of the reproducibility of these values in nonsense suppression experiments has been 

presented elsewhere (Torrice, 2009; Torrice et al., 2009).   
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Results 

GABA Activation of αM113Npgβ GABAAR  

  The linker region of interest here (101HNGKKSVAHNMTMPN) connects His101 to 

N115 in the α1 subunit (Figure 1).  We evaluated four residues for Npg incorporation: V107, 

M111, M113, and P114.  The mutant M113Npg (Figure 2B) gave the largest expression levels in 

suppression experiments and functioned normally, (Figure 3A, B) with only a modest decrease in 

EC50 (Table 1). In addition, this site performed well in two important control experiments.  

Injection into the Xenopus oocyte of mRNA containing the TAG codon at α113 along with 

suppressor tRNA that did not have an amino acid appended gave only very small GABA-induced 

currents (<200 nA), compared to the ~2μA currents seen when an amino acid is appended to the 

tRNA.  This establishes that background reacylation of the tRNA cannot provide a major 

perturbation to our results.  Also, when Met is appended to the suppressor tRNA (wild type 

recovery), the receptors formed are identical to the conventionally expressed wild type receptor 

in terms of shape of the dose response relationship, the Hill coefficient, and the macroscopic 

currents.  This establishes that the aminoacyl tRNA that is injected into the oocyte is not charged 

with another (natural) amino acid either by editing or by acylation of the tRNA after delivering 

its cargo.  Were this to happen, the expressed receptors would contain a mixture of residues at 

the α113 site, rendering the methodology inapplicable.  The αM113Npgβ receptors did display 

lower Imax values than wild type recovery, an issue to which we will return in the Discussion.  

Proteolytic Cleavage of αM113Npgβ GABAAR  

  Oocytes expressing αM113Npgβ GABAARs were placed under a UV light source. 

Exposure time was monitored closely.  Increasing the exposure time for oocytes expressing the 
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αM113Npgβ GABAAR led to a substantial, progressive decrease in the macroscopic current 

(Table 2).  After 8 hours of exposure to UV light, the GABA-induced whole-cell currents for 

αM113Npgβ had decreased such that the EC50 could not be accurately determined.  These 

whole-cell currents had amplitudes similar to those of control experiments for oocytes injected 

only with mRNA and uncharged tRNA, suggesting that photolysis of Npg-containing receptors 

is complete after 8 hours. Comparably long photolysis times have been required for complete 

photolysis in other studies using Npg (England et al. 1997).  Oocytes expressing wild type or 

αM113Metβ GABAARs did not show similar variations in GABA-induced whole-cell current 

(Table 2) in response to exposure to UV light. 

  Repetition of these experiments, with evaluation only after 8 hour exposure, verified the 

reproducibility of these results (Table 3).  On average, whole-cell current amplitude decreased 

89%. Despite the decrease in current size, the macroscopic currents of the αM113Npgβ 

GABAAR expressing oocytes exposed to UV light (Figure 3C) showed qualitatively similar 

macroscopic waveforms to those that were not exposed to UV light (Figure 3A). Wild type and 

αM113Metβ GABAARs remained unchanged on exposure to UV light (Figure 3C, D, Table 3).  

Attempts to fit the small currents remaining after photolysis produced a biphasic dose-response 

curve (Figure 3D), suggesting a heterogeneous population of remaining active receptors. 

 

Pentobarbital Activation of the αβ GABAAR 

  The simplest explanation for the decrease in whole-cell current upon exposure of Npg-

containing receptors to light is that backbone cleavage has rendered the receptors nonfunctional.  

However, other explanations are possible, including a photochemically-induced decrease in the 

number of receptors on the surface of the oocyte or a decrease in the single-channel conductance 
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of the receptor.  To distinguish among these possibilities, we studied GABAAR activation by the 

barbiturate pentobarbital.  Pentobarbital (PB) binds to a different site from GABA, likely in the 

transmembrane region of the β subunits (Amin, 1999; Amin and Weiss, 1993; Serafini et al., 

2000).  The single-channel conductance of PB-activated GABAARs resembles that of GABA-

activated receptors, suggesting that the open states of the ion channel have similar structures 

(Jackson et al., 1982; Rho et al., 1996).  At low concentrations (<100 μM), PB modulates 

GABA-induced currents, while at higher concentrations PB directly activates GABAARs, and at 

still higher concentrations it blocks the receptors.   Studies using the SCAM approach with 

simultaneous fluorescence and electrophysiological recordings have established that PB 

activation of the GABAAR elicits conformational changes in the GABAAR that are distinct from 

those of GABA activation (Mercado and Czajkowski, 2008; Muroi et al., 2009).  

  If cleavage of the backbone by Npg leads to receptor endocytosis or a change in the 

single-channel conductance, one expects the maximal PB-induced currents to decrease with 

photolysis.  However, if proteolysis at αM113 simply prevents activation of the receptor by 

GABA, we anticipate that PB currents will remain the same before and after photolysis.  The PB 

dose response relationships of wild type and αM113Npgβ GABAARs were determined both 

before and after photolysis (Figure 4).  To reach saturation, concentrations of PB that block the 

receptor were necessary.  In these cases the peak of the tail current was used as the measurement 

(Figure 4B). 

  The PB dose response relationships for the αM113Npgβ mutant before and after 8 hours 

of irradiation were not qualitatively different from that of wild type (Figure 4).  The EC50 values 

were similar for wild type, αM113Metβ, and αM113Npgβ after photolysis (1400, 1700, and 

1400 μM, respectively) as were the Hill coefficients (2.5, 2.3, and 2.4, respectively).  The dose 
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response relationships indicate that in all three cases, 10 mM PB is sufficient to saturate the 

whole-cell current.   

  Agonist-induced macroscopic  currents for wild type GABAARs were statistically similar 

in size for both agonists (Figure 5, Table 4) before and after UV exposure.  These data indicate 

PB is a full agonist for the wild type receptor and, as expected, exposure of the wild type channel 

to UV irradiation does not alter channel function. Proteolytic cleavage at αM113 had no effect 

on PB-induced currents (Figure 5, Table 4), suggesting the decrease in GABA-induced currents 

results not from endocytosis of the receptors or a change in the single-channel conductance, but 

rather from a disruption to GABA binding and/or channel gating. Interestingly, the αM113Npgβ 

mutant shows larger macroscopic currents for PB than for GABA, suggesting that the mutation 

lowers GABA but not PB efficacy. 
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Discussion 

 In the present work we probe the consequences of cutting the protein backbone in a region 

of the α1 subunit of the GABAAR that appears as an unstructured, subunit-spanning linker in 

models of the receptor structure.  As shown in Figure 1, this linker is well-positioned to provide 

direct communication between the GABA binding site and the proposed binding site of allosteric 

modulators such as benzodiazepines.  In addition, this linker could provide communication 

across the α subunit to the interface with a β subunit, facilitating the coupling of the two binding 

sites that is a hallmark of these allosteric receptors.     

 To probe a possible functional role for this linker, we incorporated the unnatural amino 

acid Npg, enabling photochemical cleavage of the backbone of the linker region.  The 

αM113Npgβ receptor functions normally prior to photolysis.  Current levels seen for this 

receptor are smaller than what is seen when a conventional amino acid is incorporated by 

nonsense suppression. We might expect lower expression of the Npg mutant receptor because 

racemic Npg is appended to the tRNA, and D-amino acids do not pass through the ribosome, and 

Npg is a β-branched amino acid, a structural type that sometimes incorporates less efficiently 

using the nonsense suppression methodology. At the same time our studies of the noncompetitive 

agonist PB show that GABA-induced currents are less than PB-induced currents in the Npg 

mutant while they are comparable in the wild type receptor (Figure 5).  This suggests that GABA 

is a partial agonist in the mutant receptor, and this would also contribute to the lower current 

levels seen.   

 We find that photochemically-induced proteolytic cleavage of the GABAAR backbone at 

αM113 is sufficient to prevent GABA activation of the receptor.  This establishes a functional 
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role in GABA activation for this linker.  Importantly, the fact that the cleaved receptor can still 

be activated with pentobarbital establishes that the backbone cleavage has not completely 

disrupted the structure of the receptor.  Nor has it induced substantial internalization of the 

receptor.  One can imagine several ways in which cleavage of the linker would disrupt receptor 

function. While αM113 is fairly near the agonist binding site, no studies have defined this 

residue as being in a position to directly contact the agonist (Padgett et al., 2007), and it does not 

align with any of the residues that define the canonical “aromatic box” of the agonist binding site 

of Cys-loop receptors.  In addition, the fact that the αM113Npgβ receptor shows only a 5-fold 

shift in EC50 (before photolysis) for what must be considered a substantial side chain 

perturbation argues against this residue directly contacting GABA.  Cleavage of the linker could 

indirectly affect GABA binding by inducing a conformational change that alters the shape of the 

binding site.  Alternatively, the linker may be primarily involved in the gating pathway, coupling 

agonist binding to channel opening, consistent with other studies of this region of the receptor 

(Kloda and Czajkowski, 2007; Olsen, 1982) that implicate the linker region in the activation 

pathway of GABAAR.  At present, we can not distinguish between these two possibilities:  

cleavage of the linker could alter the conformation of the agonist binding site or it could disrupt 

the gating pathway.  But the essential result is clear:  an intact linker is required for GABA-

induced activation of the receptor. 

  We consider these data to be consistent with the available structural information 

indicating that, in the closed state, this region of the receptor lacks a defined secondary structure 

(Brejc et al., 2001; Unwin, 2005).  If αM113 was part of a well-defined β-sheet or α-helix, the 

stabilizing backbone hydrogen bonding network might be expected to retain the overall structure 

following cleavage at a single backbone linkage, allowing the receptor to retain some function.  
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We have seen just such behavior in the β-sheet region of the nAChR extracellular domain, where 

a single disruption of backbone hydrogen bonding is well tolerated, but a double disruption leads 

to nonfunctional receptors (Gleitsman et al., 2009). 

 We noted above another possible role for this linker region, that of coupling the GABA site 

to the BZD site.  However, given the results with the α1β2 receptor, extending these studies to 

the α1β2γ2 GABAAR is unlikely to provide additional information about GABA or BZD 

activation pathways.  We have established a functional role for the linker region of the α subunit, 

and while introduction of the γ subunit might subtly alter activation by GABA (with no BZD 

present), it seems unlikely to suddenly make the α linker functionally irrelevant.  As such, we 

fully expect that proteolytic cleavage of the α linker in the α1β2γ2 GABAAR will be sufficient to 

prevent GABA activation of the receptor.  BZDs modulate GABA-induced changes in the 

GABAAR, and without GABA activation, experiments on photochemical proteolysis in this 

region would not be informative for BZD effects.  Thus, a role for this linker in allosteric 

modulation by BZDs remains a tantalizing option that will have to be probed by other methods. 
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Legends for Figures 

Scheme 1. Mechanism of Npg cleavage of the protein backbone. 

Figure 1.  Layout of the αβγ (left) and αβ (right) GABAAR.  Loops A and E in the α subunits 

are indicated (dashed lines) along with the unstructured linker (solid, wavy line) that is proposed 

to connect the two.  The Npg mutation is incorporated into this linker.  The α/β  receptor is the 

subject of the present study. 

  

Figure 2 An unstructured linker without defined secondary structure connects the GABA 

binding site and BZD binding site.  A, the linker (blue) in the α subunit (gray) stretches from the 

β/α interface (β in pink) to the α/γ interface (γ in green).  His101 (loop A residue) is shown in 

red.  Yellow residues denote the aromatic box for GABA.  Orange residues have been shown to 

be involved in GABA binding but are not part of the aromatic box.  B, Magnification of the 

linker region.  M113 is added (cyan) to mark the site where Npg is incorporated. 

 

Figure 3 Incorporation of Met or Npg at αM113 gives qualitatively similar macroscopic currents 

(A) and  GABA dose response relationships (B) to the wild type receptor.  8 hours of exposure to 

UV light does not qualitatively alter the macroscopic kinetics (C), or GABA dose response 

relationship (D) of wild type GABAARs.  For oocytes expressing αM113Npgβ GABAARs, there 

is a statistically significant decrease in the magnitude of the macroscopic currents (C), though 

the overall shape of the trace remains the same.  The dose response relationship for receptors 

cleaved at αM113 is biphasic (D).  The biphasic fit was determined as described in Materials and 

Methods.  Based on this fit the two EC50 values are 1 μM and 130 μM, respectively, for the 
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lower and upper components of the curve.  Where not visible, error bars are smaller than the 

marker. 

 

Figure 4 Pentobarbital dose response relationships for wild type and αM113Npgβ (before and 

after photolysis) GABAAR (A).  PB-induced currents of wild type GABAAR (B).  

Concentrations are in μM. Where not visible, error bars are smaller than the marker. 

 

Figure 5 Macroscopic whole-cell currents induced by saturating doses of GABA (light gray) or 

PB (dark gray).  Left: PB-induced currents are unchanged by proteolytic cleavage of the 

αM113Npgβ mutant.  Right: Control experiments with the wild type receptor 
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Table 1  EC50 values for wild type recovery and Npg at αM113 

Receptor EC50 (μM) nH Imax (μA) N 

αβ (WT) 2.6 ± 0.3 1.25 ± 0.07 -4.2 ± 0.7 18 

αM113Metβ 2.7 ± 0.2 1.26 ± 0.03 -2.7 ± 0.4 32 

αM113Npgβ 0.57 ± 0.03 1.56 ± 0.04 -1.3 ± 0.1 25 

Errors are standard errors of the mean for averages of determinations for individual oocytes. 
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Table 2 Increased exposure to UV light decreases the GABA-induced whole-cell current of 

oocytes expressing αM113Npgβ but not wild type GABAARs. 

 αM113Npgβ αM113Metβ αβ 

Time Imax (μA) N Imax (μA) N Imax(μA) N 

0 hrs -2.3±0.3 8 -2.1 ± 0.7 7 -9.8 ± 2.2 4 

2 hrs -0.6±0.1 6 -2.6 ± 1.2 6 -6.6 ± 1.8 4 

4 hrs -0.32±0.07 8 -1.22 ± 0.09 6 -8.9 ± 0.9 4 

6 hrs -0.20±0.04 7 -1.3 ± 0.4 6 -8.4 ± 3.2 4 

8 hrs -0.11±0.05 7 -2.3 ± 0.9 4 -3.9 ± 0.9 4 
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Table 3 Cumulative results of 8 hours of UV exposure 

 Before UV After 8h UV 
 Imax (μA) N Imax (μA) N 

αβ -9±1 8 -5±1 7 

αM113Met -1.9±0.5 9 -2.5±0.7 5 

αM113Npg -1.5±0.2 23 -0.17±0.03* 24 

* Indicates a statistically significant (p<0.01) difference between the Imax value before and after 8 

hours of UV exposure.  Similar comparisons between the wild type (αβ) and αM113Met data 

sets showed no significant differences. Higher expression of the wild type receptor caused 

greater scatter in the Imax values.  Although the Imax value after exposure to UV light is ~55% of 

the before UV light value, this range of expression levels for the wild type receptor is normal for 

a given data set.  Suppression experiments generally give less variability in expression size. 
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Table 4  In oocytes expressing αM113Npgβ, PB-induced macroscopic currents  remain constant 

despite 8 hours of UV irradiation.   

 Before UV exposure After UV exposure 

 IGABA (μA) IPB (μA) N IGABA (μA) IPB (μA) N 

αM113Metβ -4 ± 2 -4 ± 1 6 -3.7 ± 0.4 -4.1 ± 0.5 6 

αM113Npgβ -0.61 ± 0.07 -1.4 ± 0.3† 12 -0.27 ± 0.04* -1.4 ± 0.3† 12 

 

* denotes statistical difference for values compared before and after UV exposure (p<0.01) 
where the reference state is before UV exposure.  † denotes statistical differences for GABA vs 
PB within a grouping (p<0.01) where GABA is used as the reference state.  
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