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ABSTRACT. The synthesis and characterization of a new photolabile precursor of glycine (caged glycine)
is described. The-carboxyl group of glycine is covalently coupled to thearboxy-2-nitrobenzyldCNB)
protecting group. Photolysis of the caged glycine with UV light produces free glycine. At 308 nm, the
compound photolyzes with a quantum yield of 0.38. The absorption spectrum and the pH dependence of
a transient absorption produced after laser-flash illumination are typicademitro intermediates of
oCNB-protected compounds. The time constant for the major component aefcHmtro intermediate

decay &84% of the totahkci-nitro absorbance) was determined to bes7at physiological pH. A minor
component416%) decays with a rate constant of 178 The compound does not activate or inhibit the
oi-homomeric glycine receptor transiently expressed in HEK293 cells. After photolysis with a 10 ns
pulse of 325 nm laser light, the glycine released from the caged compound activates glycine-mediated
whole-cell currents in the same cells. The rise of these currents can be measured in a time-resolved fashion
and occurs on a millisecond to sub-millisecond time scale. It can be described with a single-exponential
function over>85% of the total current. The rate constant of the current rise is about 2 orders of magnitude
slower than the rate constant of caged glycine photolysis. Thermal hydrolysis@CthiB-caged glycine

takes place with a half-life of 15.6 h at physiological pH. The new caged glycine is the first in a series
of photoprotected glycine derivatives that has the required properties for use with chemical kinetic methods
for investigation of glycine-activated cell surface receptors. Photolysis is rapid and efficient with respect
to the receptor reactions to be studied; hydrolysis in aqueous solution is sufficiently slow, and the compound
is biologically inert. It will, therefore, be a useful tool for investigation of the processes leading to channel
opening of glycine receptor channels and the effects of mutations of the glycine receptor and of inhibitors
on these processes.

The functional bases of rapid chemical signal transmission positive values, leading to excitation which facilitates signal
between the 1@ neurons of the mammalian nervous system transmission. These receptors are activated by glutamate,
are the neurotransmitter receptors embedded in the postsynserotonin, and acetylcholine. Activation of anion-selective
aptic membranel). These receptors transiently open trans- channels changes the membrane potential to more negative
membrane channels selective for small inorganic cations orvalues, leading to inhibition of signal transmission. The
anions after the binding of neurotransmitter that is secreted y-aminobutyric acid (GABA) and glycine receptors belong
from the presynaptic cell. The associated ion flux across theto this class of ion channelg)
postsynaptic cell membrane results in a change of the The glycine receptor mediates inhibitory neurotransmission
membrane potential of the postsynaptic cell which, with the in the spinal cord and in the brair8)( It belongs to a
correct sign and amplitude, can trigger signal transmission superfamily of transmembrane proteins sharing similar
to other cells {). If these receptor channels are selective for structural features, including the nicotinic acetylcholine
cations, opening changes the membrane potential to morereceptor and the GABAreceptor 4, 5). The native receptor

is composed ofr- and 5-subunits 6). Several subtypes of
_ the a-subunit have been characterized, including neonatal
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This parameter, related to the kinetics of glycine receptor Scheme 1

activation and desensitization, can be measured using rapid M coH CO,tBu
chemical kinetic techniqued4, 15). Information about the o HON Q\)\OH isobutene oH
kinetics of glycine receptor activation and desensitization has 2) HCl,, He

been obtained using single-channel recording experiments ~, ™ , o s
(2,16, 17) and rapid solution exchange methods with outside- LDCC’ + DMAP
out membrane patche$g 19). However, because activation N-Boc-glycine

of rapid ligand-gated ion receptor channels typically takes
place on a millisecond to sub-millisecond time scalé, ( COZHLNH o L0, j\/NHBDC
20), a technique with adequate time resolution, the laser- d ° : HCliethyl acetate o
pulse photolysis technique, has been developed recéfly ( NO
21). This method utilizes caged precursors of neurotrans- 5 4
mitters which can be photolyzed with a short UV light pulse
to generate free neurotransmitter, typically within less than (3 g, 46 mmol), and 2 mL of water was added. The reaction
50 us (22). flask was closed, and the mixture was stirred for 1.5 h at
Several caged glycine receptor ligands have been devel-room temperature; then concentrated {@50 mL) was
oped, including 1-[1-(45 -dimethoxy-2-nitrophenyl)ethyl]- added at once, and stirring was continued 6ch atroom
glycine 23), a series ofi-substitutedN-caged 2-nitrobenzyl  temperature and fd8 h at 80°C. The reaction was carried
glycines @4), 2-methoxy-5-nitrophenyl glycine (MNP-gly-  out with the necessary precautions (HCN is produced) in an
cine) @5, and MNPg-alanine (5. Among these, the  efficient fume hood. The solvent was removed under reduced
derivatives based on thid-caged 2-nitrobenzyl caging group  pressure and the residue extracted with ethyl acetate. The
have the disadvantage of low quantum yields and/or slow organic solution was washed with water and dried over
glycine release. MNP-glycine photolyzes withinu3 and MgSQ,. The residue after evaporation of the solvent was
with a quantum yield of 0.2265), but it is not stable at neutral ~ recrystallized from ethyl acetate/hexane to give 4.8 @ of
pH. It hydrolyzes with a half-life of 4.2 mini6) and is, (24 mmol, 90%) as pale yellow crystals: mp 130 [lit.
therefore, not well suited for chemical kinetic experiments (32) 138-139 °C]; *H NMR (200 MHz, acetonek) ¢ 8.0
or studies in which the caged compound must be equilibrated(dd, 1H,J; = 1.3 Hz,J, = 8 Hz), 7.9 (dd, 1H,J; = 1.3 Hz,
with cell preparations for some length of time, for instance, J2 = 7.7 Hz, GH), 7.7 (dt, 1H,J; = 1.3 Hz,J; = 7.7 Hz,
in experiments designed to locate the position of neurotrans-CsH), 7.5 (dt, 1H,J; = 1.5 Hz,J, = 7.7 Hz, GH), 5.3 (bs,
mitter receptors by photolyzing the caged compounds in 1H, OH), 5.9 (s, 1H, CH).
small areas of the cell surface and determining the response tert-Butyl-2-nitromandelat&. 2-Nitromandelic acid (2
electrophysiologicallyZ6—28). The MNP#-alanine hasthe g, 10.1 mmol) was suspended in a mixture of CH (40
same photochemical properties as MNP-glycine but is more mL) and isobutene (10 mL) at50 °C; 0.2 mL of SO,
stable in agueous solution. Its half-life for thermal hydrolysis was added, and the mixture was stirred8d while warming
at neutral pH is 100 min1{). This compound can be used to room temperature. After addition of 100 mL of diethyl
in chemical kinetic experiments. Howevgralanine is only ether, the solution was washed twice with 40 mL of saturated
a partial agonist or competitive inhibitor when applied to bicarbonate solution and dried over MgSé&fore the solvent
some of the mutant human hyperekplexia recept®s ( was removed under reduced pressure. The crude product was
Therefore, it is useful to have an improved photolabile purified by column chromatography (silica gel, 3:7 ethyl
glycine precursor available. Here we report the synthesis andacetate/petroleum ethé¥, = 0.7) to yield 1.52 g (6.0 mmaol,
characterization of a new caged glycine derivative utilizing 60%) of3 as a pale yellow oil:'H NMR (200 MHz, CDC})
the a-carboxy-2-nitrobenzylCNB) protecting group41) 0 7.96 (dd, 1H,J; = 8 Hz,J, = 1.2 Hz, GH), 7.49-7.74
in the form of a glycine ester. This protecting group has been (m, 3H, ArH), 5.85 (s, 1H, CH), 3.7 (bs, 1H, OH), 1.39 [s,
successfully used in the past to protect carbamoylcholine 9H, C(CH)3]; *C NMR (75.5 MHz, CDCJ) 6 171.25 (CQ),
(carbamate linkagel), glutamic acid 29), GABA (30), and 133.74 (ArC-C), 133.45, 129.29, 129.18, 125.20:(y),
kainic acid 81). All of these caged neurotransmitters liberate 84.42 [C(CH)3], 69.96 (COH), 27.92 (C}H).
the neurotransmitter withta, of <50us and with a quantum o-tert-Butyl-carboxylate-2-nitrobenzyl-N-Boc-glycie
yield of >0.14 (reviewed in ref3). We show here that this  tert-Butyl 2-nitromandelate (0.75 g, 3 mmoN;Boc-glycine
caging group can be used to protect the carboxy function of (0.6 g, 3.4 mmol), and 10 mg of 4-(dimethylamino)pyridine
glycine. TheaCNB-glycine has favorable photochemical (DMAP) were dissolved in 20 mL of C¥Tl,. DCC (3.5 mL,
properties, comparable to those of othegENB-protected 1 M in CH,Cl,) was added, and the mixture was stirred for
carboxylic acids. It is stable at physiological pH, does not 2 h at room temperature; then diethyl ether (80 mL) was
affect the function of the glycine receptor, and can be used added, and the mixture was washed three times with 30 mL
to investigate glycine receptor activation, as shown here for of saturated bicarbonate solution. The organic solution was
the o;-homomeric glycine receptor expressed in HEK293 dried over MgSQ before the solvent was removed under
cells. reduced pressure. The crude product was purified by column
chromatography (silica gel, 3:7 ethyl acetate/petroleum ether,
MATERIALS AND METHODS R = 0.6) to yield 840 mg o# (2 mmol, 69%) as colorless
The reaction scheme for the synthesisootarboxy-2- crystals: mp 100C; 'H NMR (200 MHz, CDC}) 6 8.03
nitrobenzylglycine is given in Scheme 1. (d, 1H,J = 7.2 Hz, GH), 7.5-7.7 (m, 3H, ArH), 6.8 (s,
2-Nitromandelic Aci@. 2-Nitrobenzaldehyd# (4 g, 26.5 1H, CH), 5.04 (bs, 1H, NH), 4.1 (d, 2H,= 5.6 Hz, CH),
mmol) was dissolved in glacial acetic acid (30 mL) and KCN 1.44 [s, 9H, C(CH)4], 1.4 [s, 9H, C(CH)z]; **C NMR (75.5

-

NO,
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MHz, CDCk) 6 169.13 (CQ), 165.86 (CQ), 148.07 (Ar mammalian expressiod®) was kindly provided by H. Betz
C—NOy), 133.46, 129.76, 129.08, 125.125(C;), 118.53 (Frankfurt, Germany). Exponentially growing HEK293 cells
(Ar C—C), 83.84 [C(CH)3], 70.82 (Ar—C), 43.32 (CH), were transfected with the glycine receptor DNA using
28.26, 27.70 (Ch). Anal. Calcd for GgH26NOs: C, 55.60; Superfect transfection reagent (Qiagen). Cells were then used

H, 6.39; N, 6.83. Found: C, 55.39; H, 6.33; N, 6.82. for whole-cell current recording-24 days after transfection.
o-Carboxy-2-nitrobenzyl-glycine Hydrochloride anCNB- HEK293 cells were cultured as described (ATTC). Trans-
Glycine Hydrochloride 5. a-tert-Butyl-carboxylate-2-ni- fected cells were detected by fluorescence of coexpressed

trobenzyIN-Boc-glycine4 (300 mg, 0.73 mmol) was dis- green fluorescent protein (GIBCO pGreenLantern). Whole-
solved in 3 mL of ethyl acetate, saturated with HCI. The cell currents were recorded as described previoddy The
solution was stirred o3 h atroom temperature, and then recording pipet solution contained 120 mM CsCl, 2 mM
the solvent was removed under reduced pressure and thévigCl,, 10 mM TEACI, 10 mM EGTA, and 10 mM HEPES
residue dried under high vacuum to yield 213 mg (0.73 adjusted to pH 7.3, and the bath buffer solution contained
mmol, 100%) of5: mp 179°C; *H NMR (200 MHz, D,O) 140 mM NaCl, 5 mM KCI, 1 mM MgCJ, 2 mM CacC}, 10
079 (d, 1H,J= 1.1 Hz, GH), 7.3-7.7 (m, 3H, ArH), 4.6 mM HEPES, and 10 mM glucose adjusted to pH 7.3.
(s, 1H, CH), 3.9 (AB, 1HJs, = 7.6 Hz, CHHy), 3.8 (AB, Transmembrane potentials were corrected for liquid junction
1H, Jap = 7.6 Hz, CHHy); °C NMR (75.5 MHz, BO) ¢ potentials 40). Typical pipet resistances were 2.3.5 MQ,
168.80 (CQ), 164.25 (CQ), 131.78, 128.07, 128.01, 122.73 and the series resistance wasbMQ. Whole-cell currents
(Cs—Cs), 125.68 (Ar C-C), 70.12 (Ar-C), 37.25 (CH). were corrected for series resistance errors to up to 90%. Cell-
Anal. Calcd for GoH11CIN,Os: C, 41.32; H, 3.81; N, 9.64.  flow experiments were performed as described by Udgaonkar
Found: C, 41.73; H, 4.06; N, 9.31. and Hess41). A cell-flow device @2) was used to rapidly
Laser-Flash PhotolysisTransient absorption experiments exchange extracellular solutions. Whole-cell currents induced
were performed as described previousht)( The 308 nm by rapid application of glycine to cell surface receptors were
light output of a XeCl excimer laser (Lumonics TE861, 50 amplified with an Adams & List EPC-7 amplifier, low pass
mJ primary output, 10 ns pulse duration) was used to filtered at +-10 kHz (Krohn-Hite 3322), and digitized with
illuminate a 2 mmx 2 mm x 10 mm quartz cuvette a Labmaster TL-1 (Scientific Solutions) digitizer board at
containing the sample solution. The absorption change after200-500 Hz which was controlled by software (Axon
laser excitation was measured with the light of a halogen pClamp).
lamp (Newport 780) passing through the cuvette perpen- | aser-Pulse Photolysisthe laser light was provided by
dicular to the laser beam. The path length of the analysis 3 _Lumonics TE 861 excimer laser [XeCl, 308 nmy, 837
light was 10 mm. The wavelength of the analysis light was nm: or the laser dye PTP (Lambda Physics), 342 nm] and
Selected W|th a monochromator (MCPheI’SOH 275) a.nd thewas Coup|ed by focusing Vhta 2 Cmfocal |ength quartz
light intensity measured with a photomultiplier (Thorn EMI  |ens into a 300um diameter optical fiber (FiberGuide
9635QB). The signal of the photomultiplier was preamplified |ndustries), which delivered the laser light to the cell. Typical
(Thorn EMI model Al) and recorded with a digital oscil- |aser energies were 5800 mJ/cri as measured with an
loscope (LeCroy Scope Station 140). The quantum yield wasenergy meter (Gentec ED-200) at the fiber output. The
determined as described previousBA). The absorbance,  diameter of the illuminated area was 35000 um, large
An, of theaci-nitro intermediate was measured as a function enough to prevent Changes of the neurotransmitter concentra-
of the number of consecutive laser pulsesThe solution  tjon by diffusion during the time scale of the experiment of
was stirred between laser flashes. Assuming that the absor50—100 ms. The concentration of the caged compound that
bance, and therefore the concentration of #@-nitro was used was 500M to 1 mM. The amount of neurotrans-
intermediate, is dil’eCtly proportional to the concentration of mitter released was controlled by adjusting the laser energy
the liberated compoun@8—36) and that the absorbance of  wjith neutral density filters and calibrated using the cell-flow
the solution does not change during the experiment (irradia- method with known concentrations of glycine. The flash
tion near the isosbestic poir83), the quantum yielg can  flow system was controlled using the pClamp software (Axon

be determined using the following equatidt): Instruments). Data were sampled atB0 kHz and filtered
B at 5-50 kHz.
Ay = enlCopKe eXpl=gKeF(n — 1)] @) Data AnalysisLinear and nonlinear regression (Marquardt

algorithm) as well as plotting was performed using Origin

whereey represents the molar extinction coefficient of the  (5¢vare (MicroCal).

aci-nitro intermediate represents the path length of the
analysis light,Co is the initial concentration of the caged REsyULTS
compoundKe is the ratio of absorbed photons to the number
of molecules in the irradiated volume,is the fraction of A number of criteria determine the suitability of a new
the solution irradiated, analis the number of laser pulses. caged neurotransmitter for rapid chemical kinetic investiga-
The quantum yieldp can be calculated from the slope of a tions of neurotransmitter receptors on cell surfaces. Among
semilogarithmic plot of the absorbance versus 1 (eq 1). these are (i) the rate constant of neurotransmitter release,
The extinction coefficient of theci-nitro intermediate is (i) the quantum yield of photolysis, (iii) the inertness with
obtained from the intercepRq). The experiments described respect to the receptor reactions to be studied, (iv) the
above were performed at pH 7.3 in 100 mM phosphate solubility in aqueous solution, and (v) the stability in aqueous
buffer. solution at physiological pH4@). How does the newtCNB-

Cell ExperimentationThe cDNA encoding they-subunit caged glycine meet these specifications? The answer to this
of the human glycine receptoBT) in a pCIS construct for  question is discussed below.
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Rate Constant and Quantum Yield of Photoly$ise rate
constant of glycine release was estimated by measuring the
rate constant of thaci-nitro intermediate decay. There is
evidence that theci-nitro intermediate decay leads to the
formation of the free neurotransmitteBS 36). After a
solution of caged glycine was excited with a pulse of 308 0,2+
nm laser light, the absorbance of taei-nitro intermediate
was measured as a function of time (Figure 1a). The transient
absorbance decays with two exponential components. About
74 + 6% of the absorption decays withtg of 4.6 £ 1 us;

14 4+ 9% decays with d;, of 125+ 60 us, and 12+ 8%

of the absorption is contributed by a steady state component
caused by the absorption of the nitroso byproduct. These 0.0 1t

results are typical for neurotransmitters protected.@s!B 000 005 0410 015
esters 29, 31). The rate constants measured $aare about

200 times faster than the rate constants for liberation of
glycine from theN-protectedo.CNB-glycine @4). Similar 10°
results have been obtained for caged glutamic acid in a 1b
comparison of the ester and amine linkag&9).( To ]
determine if the transient absorbance change is caused by
the aci-nitro intermediate, we assessed the spectral depen-
dence of the transient absorption. The spectrum recorded at
different times after the laser flash is shown in the inset of .~
Figure la. It is typical fomci-nitro intermediates, with an f
absorbance maximum near 430 n&3,(34). The spectrum

does not change within the first 26 of aci-nitro intermedi-

ate formation, suggesting that the fast and the slow compo-
nent have similar spectral distributiord3( 31). The decay

0,3+

0 400 450 500 550
Wavelength (nm}

A(OD)

0,14

Time (ms)

10"

rate constant of the fasici-nitro component was measured 10" : . : ; . ; : T

as a function of pH (Figure 1b). The rate constant decreases 5 6 7 8 9

with increasing pH. This is typical faci-nitro intermediates pH

of aCNB-protected compound1, 44). Ficure 1: (a) Transient absorption of theei-nitro intermediate at

The quantum vyield of caged glycine photolysis was 435 nm.aCNB-caged glycine (1 mM) was photolyzed at time zero

; ; ; ; with a pulse of 308 nm laser light. The path length of the laser
determined using the method published by Milburn et al. light path was 2 mm: the analyzing light path length was 10 mm.

(21). The absorbanca, was measured as a function of the  xtota) volume of 50uL was irradiated. The incident laser energy
number of consecutive laser flashes and plotted in awas 19 mJ. The solid line represents a fit to a biexponential decay
semilogarithmic fashion according to eq 1 as shown in Figure function plus a steady state absorption component. The fast
2. The quantum yield can be determined from the slope component decays with an average time constant oft6175 us

: : : and has a contribution to the total absorption of 0478.06. The
calculated by linear regression analysis as @&:3806. The slow component decays with an average time constant of170

quantum yield of glycine release is, therefore, approximately gg ;s and has a contribution to the total absorption of G1@,09.
20 times higher than the quantum yield of the corresponding The steady state component has a contribution to the total absorption
compound with the amine linkag24). Similar results have  of 0.12=+ 0.08. The conditions of the experiment were as follows:
been reported for caged glutamic acid by comparing the esterg? G T3 Rl FLERREEE e 0 P aser ash photolyss of
and the "’,‘m,'ne !lnkagée). The molar extlr_lctlon coefficient 1 mM aCNB-caged glycine. The transient absorption spectrum is
of the aci-nitro intermediate was determined to be 1680  typjcal for aci-nitro intermediates o CNB-caged compounds.
240 Mt cm™ (435 nm, pH 7.3). Spectra were recorded (from top to bottom) 1, 5, 20, and&00
Stability in Aqueous SolutionThe stability of caged after photolysis, showing that the 435 nm transient has fully decayed

; ey ; _ after 500 us. The laser energy was 10 mJ. (b) Thei-nitro
glycine was tested usingu-glycine receptor-transfected intermediate decay rate ofZNB-glycine, determined from the half-

HEK293 cells as a highly sensitive glycine detector. The jite values of the fast component of the decay function observed at
concentration of free glycine in a 1.3 mM solution of caged 435 nm, is plotted as a function of the pH at 22. The
glycine was measured as a function of time after solubili- concentration of the caged glycine was 1 mM. T&@NB-caged
zation (Figure 3). A concentration of caged precursor glycine was photolyzed with a XeCl excimer laser at 308 nm. The

: ; ; At ; ; incident laser energy was 20 mJ. The laser light path was 2 mm
typically used in chemical kinetic experiments is 1.3 mM. and the analyzing light path 10 mm. A total volume of A0was

Th‘? initial concentration of glycine in the Samp!e i, irradiated. Buffer solutions were acetate (pH 5.0), phosphate (pH
which corresponds to a background of free glycine of 0.7%. 6, 7, or 8), and borate (pH 9). The buffer concentrations were 100
The free glycine concentration increases with time as shownmM.

in Figure 3. The reaction was followed up to 160 min. The

half-life of the hydrolysis reaction can be estimated to be Spectrophotometry is not useful for the determination of the
about 15.6 h. The UV visible spectrum of caged glycine hydrolysis rate constant. In a comparisore@NB-glycine

did not change within 20 h, indicating that (i) the observed with MNP-caged glycine receptor agonists, it is more stable
reaction was caused by thermal hydrolysis and not by than MNP-glycine by a factor of about 145 and more stable
photolysis related to background light and (ii) BVisible than MNP#-alanine by a factor of about 10. The stability
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o (N-1) . . . Ficure 4: (a) Glycine receptor activation caused by photolytic
Ficure 2: Determination of the photolysis quantum yield. Fifty  release of glycine frorxCNB-caged glycineaCNB-caged glycine
microliters o_fatotal volume of 8QL 0f2m_M caged gly_cme was (1 mM) was passed over the cell surface of HEK293 cells
photolyzed h a 2 mmx 10 mm cuvette with consecutive 22 mJ,  transfected withos-glycine receptor cDNA for 500 ms. At time
308 nm laser flashes. Nineteen millijoules of laser light was zero, the solution flow was stopped and the laser was fired. The
absorbed by the solution. The number of absorbed photons changegoncentration of the glycine that was released was 280
by less than 5% during the experiment. The solution was stirred calibrated using the cell-flow method with 1 mM glycine as shown
after each laser flash. The maximum transient absorbance changen panel b. The current rise can be described by a sum of two
was measured and plotted as a function _of the number _of |a39rexponentials with a; of 550 & 20 us (90% of the fotal current)
flashes— 1. From the slope, the quantum yield was determined to and ar, of 4.3+ 0.4 ms (10% of the total current). The conditions
be 0.38+ 0.06 (average value from four experiments). The slope of the experiment were as follows: 22, —60 mV, and pH 7.3.
was corrected for the change of the number of absorbed photons

measured for each flash. The extinction coefficient for #oe [ a b
nitro intermediate was determined to be 168#@®40 Mt cm1
The conditions of the experiment were as follows: 100 mM
phosphate buffer, pH 7.3, and 2€. 2r -2
J T T T T T T !
1%—“ 1 g
1 ] €
— 1,001 ® . ot 1
= S
S o
5 0,757 .
8
<
& 0,50 -
S 1 ] 0 .Wl: . 1 " 1 s ) 0 b
O _ T T T T T T 1
0.254 o 1 0,5 0,0 . 0,5 1,0 1,5 -0,5 0,0 0,5 1,0 1,5
] o ] Time (s) Time (s)
© %0 © © F . ; P ;
0,00 4@ , , , , . . . IGURE 5: oCNB-caged glycine does not inhibit the glycine
0 50 100 150 200 receptor. Glycine (1 mM) was passed over the surface of HEK293
Time (min) cells transfected witl-glycine receptor cDNA in the absence (a)

and presence (b) of 1 mMCNB-caged glycine, and the glycine-
FiGure 3: Amount of free glycine measured as a function of time  induced current was recorded in the whole-cell configuration. The
after solubilization of 1.3 mM caged glycineCNB-glycine was conditions of the experiment were as follows: 22, —60 mV,
kept in the dark for the period of the experiment. The white symbols and pH 7.3.

represent data for free glycine; the black symbols represent data

for caged glycine. The concentration of the caged precursor was equilibrated with 1 mM caged glycine for 500 ms before

calculated by subtracting the concentration of free glycine from . L ; -
the known initial concentration of caged glycine (1.3 mM). The photolysis was m't_'ated at time zgro. No actlvatlop of a
solid line represents an estimate of #WENB-glycine hydrolysis ~ Whole-cell current is observed until the compound is pho-

calculated with dy/, of 15.6 h. The spectrum of treCNB-glycine tolyzed. After photolysis, the current rises rapidly to reach
did not change within 20 h. The free glycine concentration was g plateau value at about 7 ms. A single-exponential function

measured using glycine receptor-containing HEK293 cells as a; ; ; 0
detector together with the cell-flow method. The conditions of the IS representatlye of the Current rse for. 90@ of the total
experiment were as follows: pH 7.3 and 22. current according to the following equatioR0j:

in aqueous solution is similar to the stability ofCNB- I = Imadl — expkpd)] (2
glutamate caged at thee-carboxy function 29).

Photolysis of Caged Glycine Actites Glycine Receptars  wherel; represents the observed whole-cell current at time
Photolysis of caged glycine activates a whole-cell current t, Imax is the maximum whole-cell current in the absence of
in HEK293 cells transfected witty;-glycine receptor cONA  desensitization, anl,s is the observed pseudo-first-order
(Figure 4a, left panel). In this experiment, the cell attached rate constant of the current rise. The rate constant of the
to a recording electrode in the whole-cell configuration was current riseky,s was determined to be 1828 70 s. A
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Table 1: Photochemical Properties of Caged Ligands of the Glycine Receptor

Compound Photolysis Quantum Hydrolysis Reference
ti2 [us] yield t12 [min]
oCNB-glycine ester 4.6 0.38 940°
No, CO,HO
NH,
[0}
MNP-B-alanine <3 0.2 100° sy
NO,
K
P NN
OMe
MNP-glycine <3 0.2 4.2° (25)
NO»,
0
OJJ\/NH2
OMe
N-(aCNB)glycine 2300 0.02 - (24)
NOz COZH
OH
N
T
1-[1-(4*,5’-dimethoxy- 106 - - (23)

2’nitrophenyl)ethyljglycine

NO; O
OJ\/ NHZ
MeO
OMe

apH 7.3.5pH 7.1 (15).

minor, slow, component with a rate constdgys of 230 + Results from additional control experiments are shown in
20 st contributes about 10% to the total current. The reason Figure 5. Glycine was passed over the cell surface in the
for the two exponential components in the current rise is absence (Figure 5a) and presence (Figure 5b) of 1 mM caged
not known. It has not been observed with native glycine glycine. The whole-cell current is not decreased in the
receptors in mouse spinal cord and rat hippocampal neurongpresence of caged glycine, indicating that the receptor is not
(15, 24). The cell-flow method was used to calibrate the inhibited by the caged precursor in this time domain. The
concentration of glycine released by the laser flash (Figure receptor is also not activated lyCNB-caged glycine at

4b, right panel). Glycine (1 mM) flowed over the surface of concentrations up to 2 mM. These experiments indicate that
the same cell that was used for the photolysis experimento.CNB-glycine is biologically inert.

whose results are depicted in Figure 4a. Similar cell-flow

experiments at different glycine concentratio#s)( together DISCUSSION

with published values for the apparent dissociation constant The potential of th@CNB group for protecting carboxylic

for dissociation of glycine from the receptor (80 uM; acids has been shown in the past for compounds such as
46, 47), provided the basis for estimating the concentration glutamic acid 29), GABA (30), and kainic acid 1). It is

of glycine released from 1 mM caged glycine in the now shown in this work that this group is also very useful
photolysis experiment whose results are depicted in Figurefor caging glycine, an important neurotransmitter which
4a as 24Q«M. This result shows that glycine at concentra- activates the glycine receptor. This new compound adds to
tions high enough to saturate the glycine-binding sites of the series of compounds demonstrating the usefulness of the
the ay-homomeric receptor can be released from the cagedaCNB caging group, especially for protecting the carboxy
precursor. function of biologically important compounds. The new
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caged glycine was synthesized from readily available starting maximum likelihood of receptor channels being open. At
materials (Scheme 1). It is the first in a series of previously low ligand concentrations, the rate constants for formation
synthesized caged glycine derivatives that meet the desiredof the ligand-receptor complex can be measured. Further-
prerequisites for successful use in chemical kinetic experi- more, the effect of glycine receptor inhibitors, such as
ments for investigation of glycine receptor activation. These strychnine 49), and potentiators such as ethanbl)(and
desirable properties are a high rate of photolysis with respectZn®" (50) on the rate constants for channel opening and
to the rate constants of the glycine-mediated receptor closing can be determined. This will provide information
reactions, a satisfactory quantum yield, biological inertness, about the mechanism of modulataeceptor interaction, as
and a sufficient stability in aqueous solution. Photolysis has been shown earlier for the acetylcholine recefitt(
activatesu;-glycine receptor-mediated currents in HEK293 54). In addition, it will be possible to obtain detailed
and thus demonstrates the usefulness of this compound foinformation about how single amino acid mutations, such
transient kinetic investigations of the glycine receptor in cell as the startle disease mutatiory, (affect the rate and
membranes in the microsecond to millisecond time domain. equilibrium constants of ligand binding and receptor channel
The caged precursor does not activate whole-cell currentsopening. ThexCNB-caged glycine will add to the MNB-

in the same cells. The properties of the caged glycine receptoralanine {5) as a useful tool for studying glycine receptor

ligands are summarized in Table 1. Together with the MNP- function.

pB-alanine (5), two caged glycine receptor ligands are now

available which allow the chemical kinetic investigation of ACKNOWLEDGMENT
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