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1 G-protein coupled receptors can exhibit constitutive activity resulting in the formation of active
ternary complexes in the absence of an agonist. In this study we have investigated constitutive
activity in C6 glioma cells expressing either the cloned J-(OP;) receptor (C69), or the cloned u-(OP;)
opioid receptor (C6u).

2 Constitutive activity was measured in the absence of Na™ ions to provide an increased signal.
The degree of constitutive activity was defined as the level of [**S]-GTPyS binding that could be
inhibited by pre-treatment with pertussis toxin (PTX). In C65 cells the level of basal [**S]-GTPyS
binding was reduced by 51.9+6.1 fmols mg~! protein, whereas in C6u and C6 wild-type cells
treatment with PTX reduced basal [**S]-GTPyS binding by only 10.0+3.5 and 8.6+ 3.1 fmols mg™'
protein respectively.

3 The J-antagonists N,N-diallyl-Tyr-Aib-Aib-Phe-Leu-OH (ICI 174,864), 7-benzylidenenaltrexone
(BNTX) and naltriben (NTB), in addition to clocinnamox (C-CAM), acted as d-opioid receptor
inverse agonists. Naloxone, buprenorphine, and naltrindole were neutral antagonists. Furthermore,
naltrindole blocked the reduction in [**S]-GTP}S binding caused by the inverse agonists. The inverse
agonists did not inhibit basal [**S]-GTPyS binding in C6u or C6 wild-type cell membranes.

4 Competition binding assays in C60 cell membranes revealed a leftward shift in the displacement
curve of [*H]-naltrindole by ICI 174,864 and C-CAM in the presence of NaCl and the GTP
analogue, GppNHp. There was no change in the displacement curve for BNTX or NTB under these
conditions.

5 These data confirm the presence of constitutive activity associated with the §-opioid receptor and
identify three novel, non-peptide, d-opioid inverse agonists.
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Phe-Leu-OH; NTB, naltriben; PTX, pertussis toxin

Introduction

The p- (OP3), 6- (OP,), and k- (OP,) opioid receptors belong to
the superfamily of seven transmembrane domain, G-protein
coupled receptors (Dhawan et al., 1996). In this family of
receptors signal transduction is achieved by agonist occupied
receptors activating one or more G-proteins. It is now widely
accepted that G-protein coupled receptors can exist in
equilibrium between an active (R*) and an inactive (R) state
of the receptor (for review, see Leff, 1995). Even in the absence
of agonist these receptors can maintain a conformation which
can activate G-protein and so display constitutive activity
(Costa & Herz, 1989, Lefkowitz et al., 1993). Ligands that
preferentially stabilize the R form of the receptor abolish this
spontaneous, agonist-independent activity and are termed
inverse agonists. Neutral antagonists bind to the receptor but
do not alter the equilibrium between active and inactive states.
The only known opioid receptor inverse agonists are the J-
selective peptide ICI 174,864 (N,N-diallyl-Tyr-Aib-Aib-Phe-
Leu-OH) (Costa & Herz, 1989) and the structurally related ICI
154,129 (N,N-diallyl-Tyr-Gly-Gly-y-(CH,S)-Phe-Leu-OH)
(Shaw et al., 1982) and diallyl-G (N,N-diallyl-Tyr-D-Leu-

*Author for correspondence; E-mail: jtraynor@umich.edu

Gly-Tyr-Leu-OH) (Georgoussi & Zioudrou, 1993). No non-
peptide J-opioid inverse agonists have been identified to date.
Moreover, no ligand has been discovered to have inverse
agonist activity at the u- or x-opioid receptor, although Wang
et al. (1994) have proposed that naloxone exhibits negative
intrinsic activity in SH-SYSY cells under conditions of narcotic
tolerance.

In this study constitutive activity and inverse agonism in C6
glioma cells transfected with either the rat cloned J- (C69) or u-
(C6u) opioid receptor have been investigated. To study
constitutive activity the agonist-independent binding of the
stable GTP analogue [**S]-GTPyS was employed (Traynor &
Nahorski, 1995), in the absence of sodium ions. It has been
shown that spontaneous activity can be more easily detected in
the absence of Na™ (Costa & Herz, 1989; Szekeres & Traynor,
1997). The findings confirm constitutive activity associated
with the cloned J-receptor and identify the long-lasting u-
antagonist clocinnamox (C-CAM, Comer et al., 1992), and the
J-receptor antagonists 7-benzylidenenaltrexone (BNTX, Por-
toghese et al., 1992) and naltriben (NTB, Sofuoglu et al., 1991)
as novel non-peptide inverse agonists. Under similar condi-
tions the p-receptor exhibited no significant constitutive
activity. A preliminary report of these data has been presented
previously (Neilan et al., 1998).
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Methods

Cell culture and membrane preparation

C6 glioma cells transfected with either the rat cloned p- (Coy;
Thompson et al., 1993; Emmerson et al., 1996) or §- (C60;
Meng et al., 1995; Clark et al., 1997) receptor were used for
this study. Cells were cultured under a 5% CO, atmosphere in
Dulbecco’s modified Eagle’s medium supplemented with 10%
foetal calf serum. For subculture one flask from each passage
was grown in the presence of 1 mg ml~' Geneticin. Cells used
for experiments were grown in the absence of Geneticin with
no significant reduction in receptor number. Once cells had
reached confluency they were harvested in HEPES (N-[2-
hydroxyethyl]piperazine-N'-[2-ethanesulphonic acid], 20 mM,
pH 7.4)-buffered saline containing 1 mM EDTA, dispersed by
agitation and collected by centrifugation at 500 x g. The cell
pellet was suspended in 50 mMm Tris-HCI buffer, pH 7.4, and
homogenized with a tissue tearor (Biospec Products). The
resultant homogenate was centrifuged for 15 min at 40,000 x g
at 4°C and the pellet collected, resuspended and recentrifuged.
The final pellet was resuspended in 50 mM Tris-HCI buffer
pH 7.4; separated into 0.5 ml aliquots (0.75—1.0 mg protein)
and frozen at —80°C. For pertussis toxin (PTX) treatment
cells were incubated with 100 ng ml~"' PTX for 24 h prior to
harvesting.

[’S]-GTPyS assays

These were performed as previously described (Traynor &
Nahorski, 1995). Briefly, cell membranes (60— 70 pg protein)
prepared as above were incubated for 1 h at 30°C in GTPyS
binding buffer (pH 7.4) comprising (in mM): HEPES 20, MgCl,
10 and either KCI1 100 or NaCl 100 as appropriate, [**S]-GTPyS
(guanosine-5'-O-(3-thio)triphosphate) (0.1 nMm) and GDP (gua-
nosine 5'-diphosphate) (30 uM) in a final volume of 1 ml. The
reaction was terminated by filtration through GF/C glass fibre
filters mounted in a Brandel 24 well harvester. The filters were
subsequently washed three times with ice-cold GTPyS binding
buffer, pH 7.4, and radioactivity determined by liquid
scintillation counting after addition of 3 ml of scintillation
fluid. ECsy values were determined using GraphPad Prism,
version 2.01 (GraphPad, San Diego, CA, U.S.A.).

Receptor binding assays

For competition binding assays, cell membranes (40—60 ug
protein) were incubated at 25°C for 1 h in Tris-HCI, pH 7.4 in
the presence or absence of NaCl (100 mM) and the GTP
analogue GppNHp (50 uM) with [*H]-naltrindole (0.2 nM) and
various concentrations of unlabelled ligand in a final volume of
Il ml. For saturation binding assays, membranes were
incubated in Tris-HCIl as above with various concentrations
of [*H]-diprenorphine as previously described (Traynor &
Wood, 1989). Non-specific binding was defined in all
experiments with 10 uM naloxone. Again, the reaction was
terminated by rapid filtration and radioactivity determined by
liquid scintillation counting. Affinity measures (K; or Kp) and
B..ax values were obtained using GraphPad Prism.

Materials

[*H]-Naltrindole (33 Ci mmol™"), [*H]-diprenorphine
(56 Cimmol™") and [**S]-GTPyS (1250 Ci mmol~') were
purchased from DuPont NEN, (Boston, MA, U.S.A.).
Clocinnamox (C-CAM) was provided by Dr J.W. Lewis,

University of Bristol, U.K. ICI 174,864 was purchased from
Tocris Cookson, (Ballwin, MO, U.S.A.). 7-Benzylidenenal-
trexone (BNTX), naltriben (NTB) and naltrindole (NTI) were
kind gifts from Craig Bertha, NIH (Bethesda, MD, U.S.A.).
All tissue culture materials were from Gibco Life Sciences
(Grand Island, NY, U.S.A.). All other biochemicals were
purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.)
and were of analytical grade.

Results

Saturation binding

Saturation binding experiments were carried out using [*H]-
diprenorphine in order to determine the receptor number in a
C66 clone and two groups of Coéu cells, expressing either a high
or a lower receptor number. B, values and dissociation
constants are given in Table 1. The u-cells expressed 60 or
220% of the number of receptors in the C66 cells.

Constitutive activity

In the presence of Na™' ions the basal binding of [**S]-GTPyS
to membranes from C66 cells was 41.3+1.8 fmols mg™!
protein (Figure 1). This increased to 72.3+9.5 fmols mg~
protein when Na™ ions were replaced with K™ ions. Basal
binding of [**S]-GTPyS to C6u cell membranes was lower than
the level in C66 cell membranes, but a similar percentage
increase was also observed, from 224+0.1 to
37.1+1.8 fmols mg~"' protein, when K" ions replaced Na™*
ions. The level of basal [**S]-GTPyS binding in C6y cells in the
presence of K* ions was not significantly different from that of
wild-type C6 cells (46.6+ 8.6 fmols mg™"' protein).

Treatment of C60 cells with pertussis toxin (PTX)
significantly reduced basal levels of [**S]-GTPyS binding by
51.9+6.1 fmols mg~"' protein to 20.443.9 fmols mg~' pro-
tein (Figure 2). Since PTX blocks receptor-G protein coupling,
but not GTP binding (Katada et al., 1986), this confirmed the
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Figure 1
1

fmols receptor mg~' protein) and C6u (1703 fmols receptor mg~
protein) cell membranes in the presence of either 100 mm NaCl or
100 mm KCI. Values represent mean +s.e.mean for three experiments
performed in triplicate. *P<0.05, **P<0.01, significantly different
from basal binding in the presence of NaCl, Student’s unpaired -test.
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Table 1 B,,.. and Kp values obtained from the saturation
binding of [*H]-diprenorphine to membranes prepared from
C60 and Copu cells at two levels of receptor expression

anx
(fmols mg ! Kp
protein) (nm)
C66 739+18 0.4640.05
Courow 427+96 0.24+0.11
Cébunicn 1733483 0.184+0.10

Affinity and B, values were determined as described in
Methods. Results are expressed as mean+s.e.mean of at
least three experiments performed in duplicate.
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Figure 2 Agonist-independent [*S]-GTPyS binding in membranes
prepared from control and pertussis toxin pre-treated (100 ng ml™",
24 h) C6 glioma cells expressing the J-opioid receptor at
739 fmols mg ™' protein, untransfected (W-T) C6 cells, or C6 cells
expressing the p-opioid receptor at 427 and 1703 fmols mg ™' protein.
Values represent the mean+s.e.mean of at least three experiments
performed in duplicate. **P<0.01, *P <0.05, compared to non-PTX
treated cells, Student’s unpaired ¢-test.

presence of constitutively active receptors stimulating G;/G,
proteins. In contrast PTX treatment reduced basal [*S]-
GTPyS binding in C6 wild-type cells by only
8.6+3.1 fmols mg~' protein, to 17.3041.70 fmols mg~"' pro-
tein. A similar low reduction was observed in C6u cells,
regardless of receptor expression level. In the clone expressing
a receptor number of 427 fmols mg~' protein, PTX treatment
reduced basal [*S]-GTPyS binding by 10.043.5 fmols mg™'
protein, and in the clone expressing the receptor number of
1703 fmols mg~' protein the reduction in basal binding was
14.6 +3.3 fmols mg~' protein. The reductions in basal binding
in both C6u clones were not statistically significantly different
from each other or from the reduction in wild-type C6 cells
(Students’ unpaired z-test). In contrast, the reduction in basal
binding in C606 cells was significantly different from wild-type
(P<0.05).

Identification of non-peptide inverse agonists

The previously reported peptide inverse agonist ICI 174,864
inhibited basal [**S]-GTP}S binding in C66 cell membranes in
a dose-dependent manner, confirming constitutive activity
associated with the J-opioid receptor (Figure 3a). Maximal
inhibition was 11.3+0.3 fmols mg~"' protein with an ECs, of
43.6+11.0 nM. Investigation of the antagonist nature of
various compounds revealed that the 14-cinnamoylaminomor-
phinone clocinnamox (C-CAM, Comer et al., 1992), and the o-
receptor antagonists BNTX (Portoghese et al., 1992) and NTB
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Figure 3 Inhibition of basal [**S]-GTPyS binding to membranes of
C66 cells by (a) ICI 174,864, (b) C-CAM, (c) BNTX and (d) NTB.

Values represent mean+s.e.mean for at least three experiments
performed in duplicate.

(Sofuoglu er al., 1991) were also able to inhibit the basal
binding of [**S]-GTPyS in C66 cell membranes in a dose-
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dependent manner, affording ECs, values of 41.0+30.4 nMm,
10.7+4.5 nM and 0.90+0.07 nM respectively, and maximal
inhibitions of 15.1+2.1, 15.2+1.5, and 22.2+ 1.5 fmols mg !
protein respectively (Figure 3b,c,d).

Buprenorphine, naltrindole, and naloxone (all 1 um) did
not alter basal [**S]-GTPyS binding and therefore should be
considered neutral antagonists (data not shown). Concurrent
addition of the J-opioid neutral antagonist naltrindole (1 um)
blocked the inverse agonist responses of 1 um ICI 174,864, C-
CAM, or BNTX in C66 cell membranes (Figure 4). No
inhibition of basal [**S]-GTPyS binding by ICI 174,864, C-
CAM, or BNTX was observed in membranes prepared from
wild-type C6 cells or C6u cells.

It is well documented that the addition of NaCl and guanine
nucleotides to the binding assay buffer serves to uncouple the
G-protein from the receptor resulting in a low affinity form of
the receptor (Pasternak et al., 1975; Childers & Snyder, 1980).
Affinity (K;) values for the inhibition of [*H]-naltrindole
binding to C6J cell membranes were obtained for BNTX, C-
CAM, and ICI 174,864 with and without NaCl and GppNHp,
a GTP analogue, present in the binding buffer (Table 2).

Table 2 Affinity (K;) values for the inhibition of [*HJ-
naltrindole binding to C66 cell membranes

K; (nm) in Tris

K; (nm) in with NaCl and K;n/

Ligand Tris GppNHp Kiz
ICI 174,864 266+9.0 37.0+9.9 72
C-CAM site 1~ 0.374£0.28x 1073 0.26+0.13%x 107> 1.4
site 2 1.340.05 0.25+0.10 5.2

BNTX 1.640.3 21+1.0 0.8
NTB 0.09+0.02 0.07+0.01 1.3

Affinities were determined by inhibition of specific [*H]-
naltrindole (0.2 nM) binding to membranes of C60 cells in
Tris-HCI buffer (pH 7.4) in the absence or presence of NaCl
(100 mm) and GppNHp (50 um) as described in Methods.
Results are expressed as mean+s.e. mean of at least three
experiments performed in duplicate.
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Figure 4 Reversal of inverse agonist activity of 1 um of BNTX,
CCAM or ICI 174864 by the neutral d-antagonist naltrindole (10 um)
in C60 cell membranes. Values represent mean+s.e.mean for three
experiments performed in duplicate. *P<0.05, Student’s unpaired z-
test.
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Figure 5 The displacement of [*H]-naltrindole (0.2 nm) binding to
membranes of C60 cells by (a) ICI 174,864, (b) C-CAM, (c) BNTX
and (d) NTB in the absence or presence of NaCl (100 mm) and the
GTP analogue, GppNHp (50 um). Values represent mean +s.e.mean
for three experiments performed in duplicate.
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Addition of NaCl and GppNHp afforded a 7 fold leftward
shift in the competition curve for ICI 174,864 (Figure 5a). The
displacement of [*H]-naltrindole by C-CAM is best fit to a two
site model (P= <0.001), a property presumably related to the
pseudoirreversible nature of the binding of this ligand (Zernig
et al., 1996). Nevertheless a 5 fold leftward shift of the lower
affinity site of the competition curve was observed in the
presence of NaCl and GppNHp (Figure 5b). No significant
shift of the higher affinity site was observed. The inhibition of
[*H]-naltrindole binding by BNTX and NTB was unchanged
(Figure 5c, d) in the presence of NaCl and GppNHp.

Discussion

Previous literature suggests that there is a degree of
constitutive activity associated with the §-opioid receptor, due
to the ability of the peptide ICI 174,864 to inhibit basal
GTPase activity (Costa & Herz, 1989; Mullaney et al., 1996),
to inhibit basal binding of [**S]-GTPyS (Szekeres & Traynor,
1997), and to enhance forskolin-stimulated cyclic AMP
accumulation (Chiu et al., 1996; Merkouris et al., 1997).
However, tools to investigate constitutive activity at d-opioid
receptors are scarce and as yet there have been no reports of
similar findings with the p-opioid receptor. In order to improve
the chances of observing constitutive activity, experiments
were carried out in GTPyS binding buffer containing K™ ions
instead of Na™ ions. It has been shown previously (Costa &
Herz, 1989; Szekeres & Traynor, 1997) that the inverse agonist
effect of ICI 174,864 is much more pronounced in buffer in
which the Na™ ions are replaced by K™ ions. Constitutive
activity occurs when receptors exist in the active (R*) state,
and therefore can couple to G-proteins in the absence of
agonist. Since Na™* ions reduce basal [**S]-GTPyS binding by
lowering the affinity of ‘empty’ opioid receptors for G-protein,
they serve to reduce the constitutive activity of the receptor
and as a consequence mask any observable inverse agonist
activity. Substitution of Na™ ions with K" ions provides a
higher level of spontaneous G-protein coupling (Costa & Herz,
1989; Szekeres & Traynor, 1997), hence enabling the
observation of any reduction in agonist-independent receptor
activation.

The level of basal [*S]-GTPyS binding in C64 cells was
much higher than in C6 wild-type cells suggesting the
expression of constitutive activity by introduction of the J-
receptor. In contrast, C6u cells expressing either a high or a
low receptor number show the same level of basal [**S]-GTPyS
binding as the wild-type cells. Treatment of C6 wild-type cells
with pertussis toxin alone reduced basal binding of [**S]-
GTPyS showing a tonic level of activation of G-proteins of the
G;/G, class even in the absence of the J-receptor. However, in
C66 cells the reduction in basal levels by PTX was much more
pronounced confirming an increased level of constitutive
activity associated with the d-receptor. C6 cells expressing the
u-opioid receptor showed a similar small reduction of basal
[**S]-GTPyS binding by PTX as seen with wild-type cells. A
high receptor expression level is thought to lead to increased
constitutive activity (Lefkowitz et al., 1993) due to a greater
chance of encounter of R* with G, resulting in spontaneous G-
protein coupling. However, the lack of constitutive activity
observed at the p-receptor was not changed with increased
receptor number, consistent with the p-opioid receptor being
incapable of showing constitutive activity in this cell system.
The PTX-induced reduction in basal binding in wild-type and
Cou cells is likely due to the presence of non-opioid,
constitutively active, G;/G, coupled receptors.

In addition to ICI 174,864, the irreversible u-antagonist C-
CAM and the J-selective antagonists, BNTX and NTB, also
acted as inverse agonists in C60 cell membranes, affording
dose-dependent reduction in [**S]-GTPyS binding, with NTB
being especially potent. The order of potency was
NTB>BNTX>C-CAM=ICI 174,864. The dose-response
curve for C-CAM was shallow which may reflect the complex
binding at the J-receptor seen in the competition binding
assays. This is likely due to pseudoirreversible binding to the J-
receptor, similar to that which is responsible for the long
duration of action of this compound in blocking u-agonist
mediated behaviours (Comer et al., 1992; Zernig et al., 1996).
It is interesting to note that Zernig et al., 1995 have reported
that C-CAM causes hyperalgesia in the mouse acetic acid-
induced writhing assay for nociception. This may be due to the
ability of C-CAM to block the action of endogenous opioids
that might be released within 5 min of administration of the
irritant acetic acid. However, a feasible alternative is that C-
CAM causes hyperalgesia by acting as an inverse agonist at the
J-opioid receptor. Activation of o- receptors provides
antinociception in this assay so it is possible that constitutive
activity of the oJ-receptor could serve to dampen the
nociceptive stimulus. Removal of this effect by C-CAM would
likely provide increased response to the stimulus.

The inverse agonist activity of ICI 174,864, C-CAM, BNTX
or NTB was not seen in wild-type or C6u cell membranes,
suggesting that the response was indeed mediated via the J-
opioid receptor, a finding supported by the prevention of
inverse agonist activity by the neutral -antagonist naltrindole.
In addition to naltrindole, the u-partial agonist buprenorphine
and the non-selective antagonist naloxone behaved as neutral
antagonists at the d-receptor expressed in C6 cells.

None of the inverse agonists were able to inhibit basal [**S]-
GTPyS binding in C66 cells to the level of that seen in non-
transfected C6 cells. This suggests that the compounds did not
completely prevent d-receptor mediated constitutive activity in
the C66 cells. The fact that the inverse agonists cannot block
all the d-mediated agonist-independent [**S]-GTPyS binding
indicates that the compounds may be partial inverse agonists.
Indeed, the compounds do seem to have differential efficacy in
the order NTB>C-CAM =BNTX >ICI 174,864. Szekeres &
Traynor (1997) obtained similar findings for ICI 174,864
acting on membranes prepared from NG108-15 neuroblasto-
ma x glioma hybrid cells. However, Mullaney et al. (1996),
reported that in rat-1 fibroblasts expressing the cloned mouse o
receptor at a level of 6100 fmols mg ™' protein, ICI 174,864 did
inhibit basal binding of [**S]-GTPyS to the same extent as pre-
treatment of cells with pertussis toxin. The authors concluded
that ICI 174,864 was an inverse agonist of high negative
intrinsic efficacy. The differences may relate to the 8 fold
greater J-opioid receptor expression level in the rat-1
fibroblasts than in the C66 cells, and the 12 fold greater
expression level than in NG108-15 cells. Collision coupling
theory (Stickle & Barber, 1992) suggests that the greater the
receptor number in the system, the greater the chance of
spontaneous activity occurring.

According to the two state model of receptor activation
(Leff, 1995), inverse agonists preferentially stabilize the
inactive (R) conformation of the receptor at the expense of
the active (R*) form. Therefore, it is predicted that ICI
174,864, C-CAM, BNTX, and NTB would have a higher
affinity for the uncoupled (R) state of the J-receptor. To test
for this competition binding assays were performed with the
addition of NaCl and the non-hydrolyzable GTP analogue,
GppNHp, to the assay buffer in order to drive equilibrium
between R and R* greatly in favour of the uncoupled, R form.
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Under these conditions the affinity of an agonist for the
receptor is decreased whereas the affinity of a neutral
antagonist is unchanged, and if the hypothesis were correct,
the affinity of an inverse agonist would be increased. This held
true for both ICI 174,864 and C-CAM, indeed ICI 174,864
exhibited a 7 fold shift consistent with the findings of
Appelmans et al. (1986), who showed that the affinity of ICI
174,864 for the o-opioid binding site is increased 8—16 fold
upon addition of 25 mM NaCl to the reaction buffer,
depending upon the system studied. In contrast, the affinity
of BNTX and NTB for the receptor did not change. This
suggests that the abilities of BNTX and NTB to inhibit [**S]-
GTPyS binding do not relate to their relative affinity for the J-
receptor under conditions promoting R and R* forms of the
receptor.

There are several lines of evidence that differential affinity
for receptor states is not a complete explanation for inverse
agonism. J-Opioid receptor constitutive activity has been
demonstrated in intact HEK-293 cells and rat-1 fibroblasts
expressing the J-receptor. ICI 174,864 acts as an inverse
agonist at the level of forskolin-stimulated adenylyl cyclase in
these cells, presumably by relieving the tonic inhibition of
cyclic AMP accumulation afforded by the constitutively active
o-receptor (Chiu et al., 1996; Merkouris et al., 1997). This
effect is blocked, but not mimicked, by PTX showing that
forskolin-stimulated adenylyl cyclase is constitutively sup-
pressed even in the presence of PTX. This suggests that ICI
174,864 in these whole cell preparations is not acting as an
inverse agonist by decreasing the amount of receptors in the
activated state but rather acts through a G-protein coupled
receptor mechanism. However, this action appears to be cell-
specific since inverse agonist activity of ICI 174,864 is seen in
HEK cells expressing the -opioid receptor at 966 fmols mg~!
protein but not in whole NG108-15 cells with a similar level of
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