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Photoaffinity labels are ligands that have an inherent 
Annie for a binder site and possess biolo~cal 
activity but that also contain a photo~nsi~ve 
~n~ional group which, when photoactivated with 
light, is capable of forming a covalent bond at or 
near the binding site. Unlike electrophilic affinity 
labels, their association with the recognition site will 
ordinarily be reversible until photolysis is initiated. 
The covalent linkage between photopro~s and bind- 
ing sites has facilitated the biochemical and biophysi- 
cal ch~a~e~zation and isolation of many cellular 
moIecuIes. This is one important goal of the 
photoaffinity labeling technique, Short of this level 
of approach, there are several applications of 
photoaffinity labels, especially in pharmacology, 
related to the u~derst~ding of the fun~ion~ inter- 
actions of agents with living cells. The purpose of 
this ~omment~y is several-fold. First, there have 
been few reports on the use of photoaffinity labels 
in intact tissues. Our experience and that of others 
indicate that the technique is readily and directly 
applicable in intact ceil and organ preparations. 
Therefore, we will advocate consideration of this 
particular application on a wider basis. Second, we 
wish to emphasize that in expe~ment~ designs some 
attention should be paid to the photochemicat 
properties of these compounds. Third, guidance is 

provided on pitfalls which can be encountered and 
avoided; problem areas are discussed. Last, poten- 
tially useful applications not yet under study, which 
could evolve from studies on intact tissues, are sug- 
gested for future experimentation. 

Several excellent and comprehensive reviews of 
the photoa~nity labeling technique are available 
II-91. These provide i~ormation on approaches to 
the synthesis of photoaf~nity labels, photoche~caI 
mechanisms, advantages and disadvantages of 
photoaffinity labels, comparisons of different photo- 
probe moieties, and criteria and other theoretical 
considerations important to the design of valid 
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experiments. Many of these reviews also contain 
extensive lists of compounds that have been 
employed in bi~herni~~ applications; little of this 
info~ation will be repeated or updated here. The 
number of reports on photoa~ni~ labeling is 
increasing steadily as the advantages of this powerful 
technique become known. The focus of this discus- 
sion will be on the interaction of photoaffinity labels 
with receptors or with sites of drug action or of 
related pha~a~lo~cal interest. Table 1 lists some 
current usages of photoa~nity labels from the phar- 
macological Iiterature, This sampling provides rep- 
resentative examples of the kinds of investigations 
underway, and there are admittedly many omissions. 
For some labels the repart cites only one of a series 
from that laboratory, and the one chosen was used 
to illustrate an appIi~a~ons aspect rather than an 
interpretive one. For some binding sites several dif- 
ferent compounds have been studied; the merits 
and disadvantages of one compound compared to 
another are discussed sometimes in the individual 
reports. 

Most of the receptor systems listed in Table 1 were 
well-~hara~te~zed prior to the application of the 
photoa~~ty labeling technique due to the avail- 
ability of specific and reversibl~bindin~ agonist and 
antagonist ligands with biological activity and high 
affinity. Experiments which establish the ability of 
the ligands to evoke or modify biological responses 
are often followed by biochemical assays of ligand- 
binding site interactions. In these assays, the interac- 
tion between the ligand and its binding site is 
Went’“. Since reversibly-bound Iigands of even the 
highest affinity will dissociate during chromato- 
graphic, electrophoretie or other procedures which 
could be used to isolate receptors, the ability to label 
covalently an otherwise silent site with a radiolabeled 
photoprobe has allowed significant progress to be 
made toward the characteriza~on of receptors. 

There are many agonists which are thought to 
induce responses via receptors, but for which a 
specific antagonist is or was not available. By itself, 
the fact that an agent elicits a response in a cell does 
not prove that a receptor exists. In many receptor 
systems for which specific antagonists are tacking, 
receptors and their subtypes have been characte~zed 
extensively with relative potency series for agonists. 
This alternative approach to the understanding of 
the interaction between endogenous agonists and 
their receptors cannot yield as much information as 
that provided by the effect of a specific antagonist 
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Table 1. Same app~catio~ of p~oto~~nity labels in p~~acology~ 

preparation Parent ligand Reference 

~Adrenergic receptor 
&Adrenergic receptor 
&Adrenergic receptor 
/3-Adrenergic receptor 
&Adrenergic receptor 
Eu-Adrenergic receptor 
Insulin weptor 
A~etyl~hol~nester~e 

Nicotinic receptor 
Mus~~c receptor 
~~s~i~ receptor 

An~ote~in II receptor 
Opiate receptor 
hi-formyl peptide recepter 
Biogenic amine transporter 

Estrogen receptor 
a-Fetoprotein 
Na’,K -ATpase 
Na* ,K+-ATPase 
Na’,K’-ATPase 
Na* ,K”-ATPase 

cA~~~depend~~t protein kinarx 

&MP-dependent protein kinase 
Ribosomal protein S7 
DNA 
L~~oe-bin~mg site 
~-Adenosylme~i~~~e bim&g 

site 
&Subunit 
Ca2*-ATPase 

So&urn channel 
Sod&n channel 
Sodium channel 

Nicotinic receptor 
Nicatinic receptor 

Nicotinie receptor 

Insulin receptor 
Thyroid hormone r&ear 

receptor 
Serotonin carrier protein 

Adenosine receptor, adenosine 
deaminase 

ADP receptor 
N-Formy peptide receptor 

CAMP binding protein 

Angiotensin II receptor 

An~ot~in II receptor 

Turkey ery~~~es 
Turkey erythrocytes 
Erythrocytes; several species 
Rat reticulocytes, liver 
Frog erythrocytes 
Rat hepatic membranes 
Severai rat tissues 
I%unan e~fhr~y~s 

Torpedo membranes 
Rat cerebral cortex 
Rat brain and heart membranes 

Dog adrenal cortex 
Bovine caudate nucleus 
Mx&rophil plasma membranes 
Bwintz chromaffin granules 

Rat uterus cytosol Estrogens 
Rat amniotic &id Estxogens 
Purified eniqxe ~~to~~ 
Purified enzyme Gymark 
Purified enzyme ATP 
Kidney ~cros~~~ ~~~~ed Lipophilie probe 

enzyme 
Purlfred enzyme Ouabain, s~ophanthi~~ 
Sheep pituitary gland ACTH 
Bovine posterior p~t~~~ I%peptide ~et-~~-P~~~ 
Soluble and membrane-~~ CAhlp 

enzyme; brain, heart, e~~~~ 
~~tb~o~~e membranes; 

haloenzyme 
Bovine arterial soluble enzyme 
Escherichia coli ribosomes 

I%.rman plasmin 
Porcine catechoI O- 

me~yltrans~era~ 
Rabbit pbospho~lase 
Sarcoplasmic reti~~~m 

IsoIated squid giant axon 
Isolated frog skeletal mu&e 
~~~~bIast~~ ceil, rat =brain 

synaptosomes 
Skeletal muscle 
Isolated Electrophorns 

electraplaques 
Isolated frog skeletal mu&e 

Applies 
Rat pituitary cells (GHi) 

Cuinea~pig brain s~a~~rnes~ 
platelets 

Human platelets 

Human sperm, Dictyoztelitrni 
discoideum 

Isolated rabbit aorta, rat portal vein 
and uterus 

Isolated rat adrenal eranuiosa ce.IIs 

ATP 

CLVP 
Several antibiotics 

.%?rpi0n toxin 

Acetylcholine 
IX-, trimethisoquin 

~~~~~~~d~rnrno~~m 

Insulin 
3,~,J’-Triiodo-L-th~~~~~ 

Imipra~ne 

Adeno~~e 

ADP, AMP 
~~~~o~a~~ pe@de 

Cyclic AMP 

Angiotensin II 
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Table 1 (continued) 

Preparation Parent ligand 
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Reference 

Histamine receptor Isolated guinea-pig vas deferens, Histamine x,77 

Pz-purinergic receptor 
aorta; dog trachea 

Isolated guinea-pig vas deferens, ATP 78-85 
urinary bladder, Taenia coli; 
rabbit Madder 

CaIcitonin receptor 547D Breast cancer cells Calcitonin 86.F 

* For simplicity, receptors are not classified by subtype; liberties have been taken to describe some preparations. 
4 An interesting approach to ligand deriva~a~o~ by enzymatic means is presented in this report. 

on physiological responses. To use an example from 
our own area of interest, an evaluation of the 
functionaI role of ATF in autonomic neurotrans- 
mission f87] has been difficult to establish directly, 
due to the unav~lability of a specific ATP &pm+ 
nergic) receptor antagonist [88], and evidence for a 
role of adenine nucleotides in neurotransmission was 
thus largely ~rcurnst~ti~ [89]. Using the reasoning 
that agonist agents could gain antagonist properties 
by the addition of a photosensitive chemical moiety, 
an ATP photoa~~ty label (ANAPPs*) described by 
Jeng and Guillory [W] and Russell et al. [9lf pro- 
duced in intact smooth muscle preparations a specific 
antagonism of ATP-induced responses, thereby 
identifying the existence of the Pz-receptor [78] and 
allowing an appraisal of a neurotransmitter role for 
ATP [79,81,82,84]. Thus, a photoaffinity antagonist 
provided information on the Pz-receptor which com- 
plimented the existing info~a~ion on relative poten- 
cies of adenine nucleotides in smooth muscle [92,93], 
Hence, the value of a photoaffinity label in pharma- 
cological studies is that it allows the characte~atio~ 
of a receptor and its interaction with endogenous 
substances with the same covalent@-bound antagon- 
ist agent which can be used in subsequent biochemi- 
cal analyses. 

The application of photoaf~Rity labels in the phar- 
macological literature may be divided broadly (Table 
1) into those involving broken cell preparations (iso- 
lated membranes, proteins, enzymes) and those in 
which celhdar and functional integrity is maintained 
under reasonably physiolo~c~ conditions. The fatter 
preparations may be categorized according to 
whether they are dispersed in suspension (synapto- 
somes, adipocytes, platelets, etc.) or are used in an 
intact condition (muscles). The approach to photo- 
affinity labeling experiments will, to some degree, 
be influenced by the nature of the preparation, but 
the basic experimental design elements are similar. 
Briefly, the photoa~nity label should have an affinity 
for the binding site of the parent compound and bind 
reversibly to the site prior to photoactivation (i.e. 
under dark conditions). Following photolysis in the 
presence of the site, a covalent attachment of the 
photoaffinity label at or near the site should occur. 
The rate and extent of covalent insertion shoufd 

be lessened if photoactivation is performed in the 
presence of a competing ligand. Prior photo- 
incorporation of an uniabled photoprobe should dim- 
inish subsequently the amount of covalent insertion 
of a radiolabeled form of the compound. Transient 
exposure of the nonphotoiyzed photoaffinity label 
under dark conditions with the binding site should 
not yield an irreversible effect like that observed 
followingphotolysis. A photoaffinity label will ordin- 
arily be incapable of forming covalent attachments 
if it is adequately photolyzed beforehand in the 
absence of the binding site. 

The hght source used for photolysis must be suited 
to the absorption spectrum of the photoaffinity label. 
Most of the compounds in Table 1 are either azido 
or arylazido derivatives, and have absorption 
maxima at only ultraviolet or at both ultraviolet and 
visible wavelengths respectively [6]. Several kinds of 
apparatus are used. The simplest involves photolysis 
of preparations in quartz cuvettes with an ultraviolet 
lamp and is suitable for soluble enzymes, proteins, 
etc. and for membranes and cells which are kept 
suspended with mixing. Heating of the preparations 
during photolysis is not a problem with most ultra- 
violet fight sources. Since ultra~olet light does not 
readily penetrate glass, of which most organ 
chambers for studies on isolated muscles are con- 
structed, the design of apparatus for photoactivation 
of azido compounds in the presence of intact muscles 
may be cumbersome [74]. Arylazide analogs are 
perhaps better suited for studies on isolated prepara- 
tions inasmuch as visible light sources and glass 
apparatus can be used. However, steps must be taken 
to avoid overheating of the preparations which can 
occur with high intensity visible light sources. One 
approach to this problem which is used very com- 
monly is to photolyze chilled preparations. However, 
the practice of deter~ning the kinetic properties of 
the nonphotoly~d photoprobe at one temperature 
but yet photoly~~g at a lesser temperature does not 
consider entropic changes which may modify binding 
site structure and hence its affinity for the ligand [94]. 
An extreme case of temperature-dependent effects 
on receptors is represented by the proposal that a 
tem~rature-dependent qualitative change occurs in 
adrenergic receptors ]95,96]. fn living cell prepara- 
tions which maintain homeostasis with numerous 
active transport processes, lowering the temperature 
during photolysis may result in ionic imbalances. For 
example, reduced sodi~-potassium pumping and 
the intracellular accumulation of calcium resulting 

* Abbreviations: ANAPPx, arykzido aminopropionyl 
ATP (3’-O-~3-[~-(4-~d~Z-~tropbenyl)~o]propionyl~ 
ATP); ANABP,, arylazido aminobutyryl ATP (3’-O-{4- 
[N-4.a&do-2-nitropbenyl)amino]butyryl}A’I’P); and AAH, 
4(5)“[2-(4-~id~2-nitroani~ino)ethyl]imid~ole. from inhibition of sodium+alcium exchange will 
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affect the pharmacological behavior of cells. For all 
of the above reasons it would seem appropriate to 
photolyze preparations at a temperature which is 
relevant to ensuing experiments. 

It is important to assess the possible effects of the 
irradiation procedure in control experiments [41]. 
Ideally, irradiation alone should have no effect. 
However, ultraviolet light damages the opiate recep- 
tor [29]. Preparations of functioning cells may be 
more sensitive to light effects than are purified 
systems. For example, 254nm ultraviolet light 
(30 min; cf. Ref. 78) and >32Onm visible light 
(3 min; cf. Ref. 74) reduced contracti~ty of guinea- 
pig vas deferens and ileum and rabbit aorta, respec- 
tively, and ultraviolet and visible light evoke relaxa- 
tion in several smooth muscles [75, 97-991. The 
mechanisms of these light-induced effects are 
undefined, but could involve simple but important 
chemical alterations in cellular components [99]. For 
example, ultraviolet frequencies reduced sodium 
channel conductance [lOO] in nerve fibers as well as 
veratridine-stimulated, s~toxin-sensitive 22Na loss 
and saxitoxin binding in synaptosomes [loll. Infor- 
mation on the kinetics of photoactivation (&de infra) 
in combination with knowledge of the duration and 
type of irradiation that can be tolerated by a prepara- 
tion should allow some balance to be struck so as to 
achieve desired levels of covalent insertion and, at 
the same time, reduce the toxic effects of light. For 
example, visible light was used to photoactivate an 
arylazido ATP analog (ANAPPs) in the presence of 
the guinea-pig vas deferens after it was noted that a 
30-min irradiation with ultraviolet light results in 
toxicity while visible light is innocuous [78]. More 
than an hour of irradiation with visible light is re- 
quired to cause complete photode~mposition of the 
compound [83], while the process is completed within 
5 min when a 254 nm source is used (unpublished 
observations). In hindsight, the greater photolytic 
efficiency of ultraviolet light compared to visible light 
might have allowed a much briefer irradiation period 
to be used, and the toxicity of shorter wavelengths 
might have been eliminated. 

A large number of different experimental condi- 
tions and light sources of varying frequency and 
intensity have been used for photolysis. There is an 
understandable tendency for investigators who seek 
only qualitative effects to choose a suitable light 
source and other conditions which guarantee mini- 
mally that successful photoincorporation will be 
evident on polyacrylamide gels. Thus, while the 
properties of a nonphotolyzed compound are usually 
examined rigorously and the time-course of photo- 
incorporation and effect is evaluated less frequently 
[15, 25-27, 30, 34, 37, 39, 47, 50, 56, 60, 68, 102- 
1101, the kinetics of photoactivation, which is easily 
monitored spectrophotometrically [5,18,29, 34,43, 
55, 66, 68, 74, 76, 83, 108-115], is largely ignored. 
The latter two time-courses are closely linked. There 
are several r~ifi~tions of these considerations. The 
general lack of standardized procedures for given 
agents would make it difficult to obtain similar results 
in different laboratories. The rate at which binding 
sites become covalently labeled will be a function 
of the concentration of reactive intermediate (e.g. 
nitrene) produced by photolysis. Consumption of 

native compound will occur, and the concentration of 
native compound and its intermediate will decrease 
with time. Consequently, the rate of covalent inser- 
tion will decrease as well. Assuming that a given 
concentration of photoprobe and the binding site are 
at equilibrium prior to photolysis, the factors which 
would be expected to affect the rate of photo- 
activation, and hence the rate and extent of covalent 
insertion into binding sites, would include (1) the 
spectral characteristics and intensity of the light 
which reaches the compound in solution; this will be 
affected by the composition, geometry and reflect- 
ance of the vessel, the presence of filters, coolants, 
etc., (2) the distance of the light source from the 
preparation (light intensity declines with the inverse 
square of distance); in only ,a limited number of 
studies 132,391 has the intensity of incident light 
been reported, and (3) the t~bi~ty of the sample 
or the presence of other light-absorbing substances; 
for example, proteins, nucleotides, etc. absorb ultra- 
violet light in frequencies used for photolysis. Some 
additional considerations apply to studies on isolated 
intact tissues, e.g. muscles. Unlike membrane sus- 
pensions and soluble samples in which uniformity 
during photolysis can be maintained by mixing, only 
a small percentage of the photoprobe is in the 
biophase compared to the total amount present. 
Therefore, a bulk of the available compound will be 
photoactivated in free solution where there are no 
binding sites for insertion, resulting in substantial 
waste. Mixing of the bathing solution by bubbling 
oxygen and carbon dioxide, which often is needed to 
support tissue function and to maintain physiological 
pH, does not overcome this problem. (In an oxygen- 
rich environment, as Galardy and LaVorgna [75] 
have pointed out, photoo~dation or free-radical 
reactions caused by hydrogen abstraction of products 
might occur. Purging of the physiological solutions 
with inert gases prior to photolysis [ll, 12, 14, 25, 
36, 45, 108, 1091, while a practical solution to this 
particular problem in simpler systems, could compro- 
mise tissue viability, however.) 

It may be possible to compensate for some sources 
of photoincorporation variability, namely, the light 
source and reaction vessels used, by performing the 
simple experiment of monito~ng the time-course 
of spectral changes of the photoprobe in complete 
medium minus the sample and quantitating the 
kinetics of photodecomposition with, for example, 
apparent half-life. Several examples of this are found 
in the literature (uide supra). Adjustments in appar- 
atus can then be made to obtain the reference appar- 
ent kinetics. When this is accomplished, the frac- 
tional absorbance change and the percentage of 
activation of native photoa~nity label, and hence 
the concentration of reactive intermediate at given 
time points and the rate and extent of photo- 
incorporation, could approach uniformity in dif- 
ferent laboratories. Earlier [83] we suggested that 
the extent of covalent insertion might be related 
only to the fractional amount of photoactivation 
regardless of the time required to reach the desired 
endpoint. Having reconsidered the fact that the rate 
of covalent insertion wil1 be related to the instan- 
taneous concentrator of reactive intermediate, the 
photolysis period required to achieve a given frac- 
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tional photoactivation may be an important deter- 
minant as well. While it is assumed that a direct 
relationship exists between fractional changes in 
absorbance and the degree of photoconve~ion to 
reaction products, this info~ation is not available 
but will be required to evaluate the validity of the 
above theoretical considerations. 

Some additional concepts apply to achieving stand- 
ardized conditions in isolated intact tissues. The 
intact tissues in which photoaffinity labels have been 
used successfully in functionai studies (Table 1) are 
relatively thin, and, presumably, there was sufficient 
penetration of light into the opaque tissues to pro- 
duce photoactivation at all depths. In support of this 
view is the finding that responses of smooth muscles 
to ATP added exogenously and to ATP released 
endogenously from nerves [79,82,84] were antagon- 
ized by ANAPPs, following its photolysis in the 
presence of the tissues. However, since intact tissues 
will quench light, it is not known whether the photo- 
labeling of receptors is uniform throughout the 
tissue; the blockade of receptors on tissue-surface 
cells would be expected to result in some pharmaco- 
logical effect. Unlike studies on more isolated 
systems where the amount of binding sites (e.g. 
protein concentration) can be adjusted at will, the 
differences in tissue thickness resulting from biologi- 
cal or experimental variation are more difficult to 
control. This, in combination with the quenching 
properties of solid tissues, could affect the level of 
photoincorporation in individual experiments and 
affect quantitative measurements. The use of 
mirrored vessels and several light sources could be 
useful here. Autoradiographic analysis of the cross- 
sectional distribution of photolyzed isotopically- 
labeled photoprobes would help to define the limit 
of tissue thickness beyond which light of reason- 
able intensity would no longer be able to penetrate. 
In some large organs (e.g. heart, liver and kidney) 
dissection to achieve light-penetrability may not be 
desirable; some possible approaches to the use of 
photoaffinity labels in such systems will be mentioned 
later. 

Qualitative pharmacological eflects of photoafjinity 
labels on receptors 

Information on the ph~acolo~ of these com- 
pounds can be missed if their characterizations are 
restricted only to receptor-binding assays and no 
data are available on their abilities to induce, block 
or modify cellular responses. Studies in which physio- 
logical responses are measured are of value because 
it may be difficult using ligand binding assays to 
assess whether a photoaffinity label has agonist or 
antagonist properties before and after photolysis, 
For example, prior to photolysis diazo acetylcholine 
produced motor end-plate depolarization in isolated 
skeletal muscle; following photolysis, a prolonged 
depolarization remained [61], indicative of long-lived 
agonist effect. Similarly, Brandenburg et al. [63] 
observed that photolysis of an insulin photoaffi~ty 
label evoked a long-lasting lipogenesis in intact 
adipocytes; such activity would not have been pre- 
dictable on the basis of electrophoretic studies [22] 
of the photoincorporation of such compounds into 
receptor proteins. Schmitt et al. [‘70] observed than 

an N-formyl peptide chemotactic factor derivative 
stimulated superoxide anion release in polymor- 
phonuclear leukocytes which was blocked by a 
known receptor antagonist. Likewise, a calcitonin 
photoa~nity label was able to stimulate adenylate 
cyclase activity in a cancer cell line [86]. On the 
other hand, the retention of antagonist activity by 
photolyzed compounds which is similar qualitatively 
to that observed prior to photolysis is characteristic 
of a quartemary ammonium nicotinic receptor antag- 
onist in isolated skeletal muscle [23], and of angioten- 
sin II [73,74] and Hi-hista~e receptor [76, 77] 
photoaffinity analogs in isolated smooth muscles. 
The third possibility, that a photoaffinity analog with 
initial agonist activity is converted following photo- 
lysis into an antagonist, was seen with ANAPPs in 
several smooth muscle preparations [78,81,84] and 
with an angiotensin II analog in vascular smooth 
muscle [75]. 

In a large number of receptor systems, agonist 
affinity is modulated by GTP whereas antagonist 
affinity is not. A photoaffinity label which is an 
agonist prior to photolysis would be photoincor- 
porated into GTP-regulated agonist-binding sites, 
while compounds which demonstrate ~tagonistic 
activity would label preferentially an antagonist site. 
It seems fundamental to suggest that photoaffinity 
analogs of agonists be evaluated in functional studies 
for their abilities following photolysis to continue to 
evoke or to block responses, to complement data on 
their abilities to interact with the binding of well- 
defined agonist and ~tagonist ligands in binding 
assays. Information on the nature of the incorpora- 
tion site (i.e. agonist uis ri v& antagonist affinity 
states) might thus be obtained. 

Certain aspects of receptor theory require at pre- 
sent the use of functioning tissues or cells for their 
manifestation. The ability of an agent to evoke a 
response mediated via a receptor is a function of 
affinity of the receptor for the drug as well as of the 
ability of the drug to trigger a response once it 
occupies the receptor. This latter characteristic, 
whichis structurally-related, is referred to as efficacy. 
Agonists possess both affinity and efficacy while 
antagonists have affinity but no efficacy. While theor- 
etical details [llS, 1161 are beyond this discussion, 
the terms efficacy and intrinsic activity are not 
synonymous; the former applies to the ability of an 
agent to yield a response when “spare receptors” are 
present. The demonstration of the existence of spare 
receptors requires the use of a nonequilibrium com- 
petitive antagonist to cause the irreversible blockade 
of a fraction of the number of available receptors. 
As increasing numbers of receptors are blocked, 
dose-response curves for full agonists will be shifted 
progressively to the right, initially without a 
reduction in maximum response; extensive receptor 
blockade results eventually in a reduced maximum 
response. In studies on photoaffinity labels which 
have antagonist properties, the compo~ds behave 
prior to photolysis as equilibrium competitive antag- 
onists in both ligand-binding assays [lo, 14-16, 20, 
26, 29, 301 and in functional studies [lo, 29, 30, 73, 
74, 76, 771: there is competitive displacement of 
ligand in the former technique and a parallel shift 
of the dose-response curve to the right of control 



without an effect on the m~mum response in 
functional stages. Photolysis causes a tr~sfo~a- 
tion of the kinetic characteristics of the compound 
to that of a uoneq~b~~m ~rn~~tive antagonist 
in functiona studies [la, 14, 73, 74, 76, 77], as 
outlined above. A correlate to the concept of efficacy 
and spare receptors has not, to our knowledge, been 
observed in ligand-binding experiments. This is, per- 
haps, a result of the unavailability of nonequilibrium 
competitive antagonists for most receptors. How- 
ever, the large number of pb~to~~ty labels avail- 
able may facilitate a rigorous tinetic analysis of the 
effects of irreversible receptor blockade in hgand- 
binding assays, inventions assays based only on 
eq~lib~um boding and combative displacement 
utilize a number of mathematics relations~~ to 
obtain Kn (affrnty of ligand), B,, (number of bind- 
ing sites) and n (number of classes of binding sites), 
none of which include parameters for evahmting 
efficacy or spare receptors 21371 in their derivation. 
It might be that II,, is reducecl following photolysis 
as would be predicted by reducing the available 
number of binding sites. However, it has not been 
demonstrated whether receptor or post-receptor 
events are linked to the efFkaq of a drug. There wilt 
be a need for substantial theoretical treatment of this 
problem, especially of the re~a~~~s~p between spare 
receptors, efficacy and B,,,=. An interesting begin- 
ning ex~~ment could involve the influence of 
photo~~ty labels or noneq~~~~b~um ~mpetitive 
antagonists on ~g~d-b~~n~ assays done in paraifel 
with elements on ~~~~~ cell or intact tissue 
preparations under two de&ted conditions: (1) where 
the antagonist produces only a shift of the dose-- 
response curve of a full agonist to the right and (2) 
where both a rightward shift and a reduced maximum 
response for such an agonist are produced. 

The restriction of photoaffinity labeling to only a 
single site will occur if the binding aftMy of uon- 
photofyxed compound is very high, as is true for 
many ~orn~~ds in Table 3, and little nonspecific 
induration of the highly reactive inte~edi~tes 
will result, In some systems in which bi~he~~~ 
methods are not available to obtain binding amity 
data, and in which nonspecific incorporation and 
toxicity are possible, an akernative means of evalu- 
ating ph~a~lo~~l specificity of photolabeling 
should be used. This can easily be performed witb 
agonist or antagonist photoprobes which bind to 
receptors and exert an antagonist effect following 
photolysis by examining the effect of photolabeling 
on responses of the preparation to che~~~~y-u~re- 
lated agonists In a number of unctions studies on 
intact muscle f75-85] and other f143 preparations, 
photoaf~~ty bbel analogs have been shown to 
exhibit a sling pha~acoIo~~~ specificity. Xt has 
been felt gen~r~y that photo~ty analogs with 
only moderate affinity may not bind tightly enough 
to avoid nonspecific labeling effects. However, an 
arylazido hi&mine analog with a dissociation con- 
stant of only 30-s-3 X 30-5f”vT produced after 
photolysis a specific antagonism of responses to hista- 
mine; responses mediated via other receptors were 
unaffected [76,77]. This finding does not prove that 
only histamine receptors were photolabeled, but it 
does indicate that severai receptors and mechanisms 

related to ~xcitation~ontr~cdon coupling were not. 
An e~e~trophoreti~ analysis using ra~olabe~ed eom- 
pound will be required to evaluate whether ~n~t~o~- 
ally “SiIent“ sites were nonspecifically Meled, 

CovaIent bonding may occur following the photo- 
activation of a photoprobe w&h occupies the bind- 
ing site (true photoaffinity labeling); altern- 
atively, covalent bond formation may occur follow- 
ing the diffusion of reactive intermediate to the bind- 
ing site of compound which is photoactivated in free 
solution ~~udophotoa~~ty ~abe~u~) f6,338]. 
Wbife the q~~~tat~~e pha~a~olo~~ ccmsequenee 
of photoa~~~ty Iabehng by either mechanism sboutd 
be the same, the photoact~vat~on of excess non- 
bound ligand compound in free solution, espe~~y 
if it has a low binding affinity, can result in substantial 
nonspecific incorporation_ The mechanism of photo- 
a&My labeling may be deduced f& 338] by photo- 
lyxing in the presence of a scavenger (&b&n, para- 
aminobenzoic acid, sulfbydryl reagents} which pro- 
vides alternative insertion sites for intermediate gen- 
erated in free: solution but which is not a preferred 
insertion site for intermediate generated at sites of 
high-affinity binding. Thus, scavengers will reduce 
the level of insertion if pseudophotoa~~t~ labeling 
has occurred [66,338,339]. The application of seav- 
engers in functional eelt or tissue preparations to 
elaborate photolabeling me~b~isms and to reduce 
nonspecific labeling must take into account some 
factors which are of lesser importance in more pur- 
ified preparations For example, ~a-~j~obe~o~~ 
acid, in ~o~~e~~a~ons used for scavenging, had 
ph~rna~~o~~ activity in the isolated guinea-pig 
vas deferens [119] which was, fortuitously, of benefit 
in interpreting whether a scavenging effect could 
have occurred at a receptor level. The use of sulfbyd- 
ryl reagents such as dithiothreitol for scavanging 
carries the risk of modifying tissue behavior through 
the ~nt~ra~t~#n of the agent with other ce3.iular com- 
ponents, e.g. guanylate cyelase ~32Oj. Some other 
considerations of more general signitIcanee include: 
(1) There should be no inter~~on between photo- 
affmity label and the scavenges prior to photo~ysis. 
For example, nonphotoly~d ANAP& binds to albu- 
min (~p~b~shed observations). Pbotolysis of 
ANAP& in tbe presence of albumin would lead to 
the erroneous conclusion that a reduced incorpora- 
tion of ANAPPs into the Pr-receptor results from a 
scavenging effect on a pseudophotoaffinity labeling 
process. Additionally, sulfhydryl reagents can react 
chemically with and reduce arylazides of nonphoto- 
lyzed compounds to corresponding aryl amines /[123 ]* 
making the ~te~reta~on of a scave~~~~ effect 
difficult. (2) Some evidence that a p~o~o~~~rn~c~ 
interaction between photop~#~ and scavenger has 
occurred should be sought, especially where photo- 
in~~rati~~ into the bin~ng site is not reduced by 
the seavenger. The covalent insertion of phot~~robe 
into the scavenger shou3d yield the formation of a 
new reaction product, Rigorous chemical an&yses 
of these kinds of products have not been performed; 
however, spectral changes, such as those which have 
been reported to occur following photolysis of 
ANAPP3 in the presence of para-aminobenzoic acid 
[119], may be useful indicators of the generation of 
new products. 
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Photoaffinity labels may provide information on 
receptor conformation. The topology of most recep- 
tors and the configura~on of the ligand-bin~ng site 
complex, points of attachment of the ligand, etc., 
are unknown. The location of the photosensitive 
moiety within the receptor protein could be intimate 
to the recognition (endo) site for the parent com- 
pound or displaced from it (exo site). Following 
photolysis, access to the receptor will be prevented 
if a covalent bond is formed at the endo site, and 
also if the formation of the covalent bond at an exo 
site results in the occupation of the endo site by, 
perhaps, the parent moiety. Peptide mapping would 
be required to distinguish between these possibilities. 
The ability of a photoafflnity label to block receptors 
will be related to the ability of the receptor to accept 
the structural modification in the parent ligand as 
well as to the availability of sterically appropriate 
sites into which covalent insertion can take place. 
St~ctur~activity relations~p info~ation is import- 
ant for completeness. These points can be illustrated 
with four examples. First, small and large deletions 
or additions to the N’, N6, and C8 positions in adenine 
and in the 2’-hydroxyl of ATP produce substantial 
reductions or modifications in the activity of ATP 
analogs acting on the Pz-purinergic receptor of the 
guinea-pig vas deferens [93,122]; however, 3’- 
hydroxyl deletions and additions are well tolerated. 
Thus, ANAPPs, a 3’-hydroxyl derivative of ATP, is 
better suited for this system than 8-azido ATP [123] 
or adenine-derivatized analogs. Second, ANABPs, 
a compound with a slightly larger 3’-hydroxyl-arylaz- 
ide bridge, while its activity resembles that of ATP 
and ANAPPs before photolysis, is a more “potent” 
antagonist following photolysis than ANAPPs [83], 
and it has been suggested among other possibilities 
that the placement of the arylazide near the endo or 
exo insertion site is better than is the case with 
ANAPPs. Third, nonphotolyzed AAH behaves as 
an equilibrium competitive antagonist of histamine- 
induced contractile responses in isolated guinea-pig 

aorta and dog trachealis; the dissociation constant 
for AAH in the two tissues is not different, implying 
that the Hi-histamine receptors are similar in the two 
tissues. In the guinea-pig aorta, photolysis of AAH 
results in a nonequilibrium competitive antagonism 
[77]; however, following photolysis the compound 
has no antagonistic effect in the dog trachealis, and 
it was suggested that the site available for covalent 
insertion of the compound at or near the Hi-receptor 
of the aorta is not present in the trachea. Lastly, 
differences in the abilities of benzodiazepine recep- 
tor ligands to photolabel central and peripheral 
receptors, despite their abilities to bind with high 
affinity to these sites, has been noted 11241. Thus, 
photoaffinity labels may allow the discrimination of 
subtle topological differences in receptors which, by 
other pharmacological criteria, appear identical. 

Naturally photolabile iigands 

Some ligands possess inherent photolability and 
can be activated with ultraviolet light to form cova- 
lent attachments with binding sites. Representative 
examples are given in Table 2. Undoubtedly there 
are other compounds already in use which possess 
this characteristic. It is both surprising and very 
interesting that such a complex molecule as ar-bunga- 
rotoxin 11311 should be photoactivatable. Since a 
large number of receptor ligands are already com- 
mercially available in isotopic form, it is, perhaps, 
more important at present that compounds be tested 
for photolability than the photochemistry involved 
be completely understood. 

The main advantage to be gained using naturally 
photolabile ligands over photoa~nity analogs of 
ligands is that the bulky photosensitive moiety is not 
present. It can be reasonably expected that a covalent 
bond will be formed at the site of recognition rather 
than at exo sites. This should facilitate the under- 
standing of the molecular location of groupings 
important in recognition of the ligand by the binding 
site. A second advantage is that the potency and 

Table 2. Some pharmacological applications of naturally photolabile, underivatized ligands 

Binding site Preparation Parent ligand Reference 

Benzodiazepine receptor Rat brain membranes Flunitrazepam 

Benzodiazepine receptor Bovine cerebral cortex Nitrazepam 

102-104, 
124-126 

125 

Benzodiazepine receptor 
5Hydroxytryptamine receptor 

homogenates 
Rat brain membranes 
Bovine caudate membranes 

Clonazepam 125, 126 
Lvsernic acid diethvlamide 127 

Dopamink receptors _ Isolated Mytilus smooth muscle Dopakine ’ 128 
Adenosine transporter Rat forebrain membranes Nitrobe~lthioinosine 129 
Nicotinic receptor Torpedo membranes Triuhenvlmethvlnhosohonium 130 
Nicotinic receptor 
Nicotinic receptor 

Torpedo membranes 
Torpedo membranes 

- , ,. B 
cu-Bungarotoxin 
Chlorpromazine, 

t~methisoquin, 
phencyclidine, 

131 
132 

Steroid binding proteins Rat liver, rabbit uterus cytosol 
perhydrohistrionicotoxin 

&Unsaturated steroids 105 
Steroid receptor Xenopw oocyte plasma membrane Synthetic progestin (R5020) 106 
Ecdysterone receptor Drosophila salivary glands Ecdvsterone 133 
Ribosomal protein S7 
DNA 
Opiate receptor 

Escheiichia coli riboiomes 

Isolated ileal smooth muscle 

Tetracycline 111 
Anthracyline antibiotics 107 
Morphine epoxide 134 
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efficacy of the compound will not have been changed 
as can occur when a parent ligand is derivatized with 
a photosensitive moiety. 

The guidelines, criteria, pitfalls and other con- 
siderations mentioned here by us and reviewed in 
detail by others all apply to the use of naturally 
photolabile compounds. Since photoactivation of 
these compounds will require ultraviolet light (few 
ligands of pharmacological interest absorb light in 
visible frequencies), and in view of the potential 
effects of ultraviolet light discussed earlier, care will 
be needed to establish that covalent bonds do not 
occur as a result of light-induced molecular re- 
arrangements in the binding site itself. 

Heterobifunctional photoafinity labeling 

This is a fairly recent technique [112] which has 
been used to photolabel binding sites for peptide 
ligands (Table 3). It is similar in principle to affinity 
labeling but involves the use of heterobifunctional 
crosslinking reagents in which one end of the reagent 
containing a nucleophilic imidoester (which reacts 
spontaneously with primary amines, for example, in 
peptides) or other reactive grouping [136,145] is 
connected via a bridge of varying length [135] to a 
photoactivatable moiety, usually an azido grouping. 
In a two-step procedure, the ligand is coupled first 
to the imidoester of a photoactivatable heterobi- 
functional crosslinking reagent, of which several are 
being used. Second, the coupled ligand product is 
incubated with the binding site and photolyzed, caus- 
ing the formation of a covalent attachment of the 
derivatized ligand to the binding site, or a “cross- 
link”. (The term “cross-link” is a carryover from 
the affinity labeling technique in which bifunctional 
cross-linking reagents are used. The term is less often 
used for photoaffinity labels which are not peptides.) 
Table 3 lists some representative recent applications 
of heterobifunctional photoaffinity derivatives in 
studies on both intact cell and broken cell 
preparations. 

It is noteworthy that there are only a few reports 
[113, 137-139, 141, 1421 on the biological activities 
of heterobifunctional photoaffmity labels or on the 
abilities of these compounds to initiate or modify 
responses mediated via the receptor sites for which 

they were designed. The emphasis of their use 
centers around the ability, when radiolabeled and 
used in conjunction with electrophoresis, to provide 
information on the molecular size of the binding site, 
under conditions in which the concentration of the 
parent ligand is known to interact with the binding 
site. In only a limited number of studies [108, 109, 
112,113,136,139,146] have attempts been made to 
establish their photochemical kinetic characteristics 
and the kinetics and specificity of photoincorporation 
(i.e. a reasonably rigorous characterization of the 
compound with respect to the criteria for using the 
photoafflnity labeling technique). 

One problem with the use of heterobifunctional 
photoaffinity label derivatives of macromolecular 
peptides is that there is some uncertainty in the 
location of the cross-linking reagent in the ligand. In 
ligands for which information on the number of 
primary amines has been determined from primary 
structure, the number of amines derivatized by the 
cross-linking reagent is in agreement with the theor- 
etical number of equivalents per mole of ligand 
[139], while in other cases fewer amines are deriva- 
tized than are available [112,137]. The tertiary struc- 
ture of the proteins may restrict access of the cross- 
linking reagent to some amines. Nevertheless, when 
evidence is obtained that not all amines in the ligand 
have reacted with the cross-linker, the question may 
be raised as to whether the same amines have reacted 
in all the molecules so as to yield a homogeneous 
derivative or whether there are different extents 
and locations of derivatization, thereby yielding a 
heterogeneous population of molecules [ 1121. Inso- 
far as the nature and size of substituents added to 
ligands are known to affect their affinity and efficacy, 
variability in the location of the cross-linking arms 
and of molecular topology could affect the binding 
of the compound prior to photolysis. If there is 
nonuniformity in the location of the cross-link arms, 
then the number and location of covalent insertions 
into the binding site could vary as well. It is not yet 
demonstrated whether endo or exo sites are labeled 
by these compounds. 

This somewhat pessimistic appraisal of the pitfalls 
involved in the use of these compounds is entirely 
offset by the remarkable results obtained with them. 

Table 3. Some applications of heterobifunctional photoaftinity labels 

Binding site Preparation Parent ligand Reference 

Lectin receptor 
Lectin receptor 
Insulin receptor 

Lutropin receptor 
Epidermal growth factor 

receptor 
Glucagon receptor 
Enzymes, binding proteins 

Nicotinic receptor 
BAdrenergic receptor 
N-Formyl peptide 

Erythrocyte ghosts 
Pig spleen lymphocytes 
Adipocyte and liver plasma 

membranes 
Granulosa cells 
Mouse 3T3 cells 

Rat liver plasma membranes 
Troponin I, myosin light chain 

kinase, Car+-sensitive 
phosphodiesterase; adipocyte 
plasma membranes 

Torpedo californica membranes 
Erythrocyte membranes 
Human polymorphonuclear 

leukocytes 

Concanavalin A 112, 135 
Phytohemagglutinin 136 
Insulin 19, 113 

Human choriogonadotropin 
Epidermal growth factor 

137, 138 
139 

Glucagon 140 
Calmodulin 141. 142 

cu-Bungarotoxin 143 
p-Aminobenzylcarazolol 144 
Chemotactic peptide 29 



The studies listed in Table 3 indicate that these 
impounds are very specific in their abilities to label 
discrote binding sites. 

In some of the above studies fI9, 112, 113, 135 
139, 1411 on h~terobi~netioual photo~i~ label- 
ing, the ligands were derivatized with cross-linking 
reagent prior to their incuhati~n with the binding 
site. An alternative methodol~~ consists of derivati- 
zating the ligand when it is bound to the binding site 
f140,142,147], using protocols similar to those used 
with nonphotoacdvatable bi~nctionaI cross-~n~ng 
reagents (e.g. disu&~inl~dyi suberate; [145,148]), 
and then photoly~ng the preparation. An important 
difference between these approaches is that, in the 
latter one, amine groupings stern the receptor {the 
l&and may dissociate and reassociate during ex- 
posure to cross-linker) or in moieties close to the 
relation site would be expected to react with the 
bus-inking reagent as well as those antained in 
the Iigand itself. Molecular perturbations in either 
location resulting from chemical additions could alter 
the binding between the hgand and the receptor, and 
result in an altered affinity of the site for the ligand 
prior to photolysis and/or in the formation of co- 
valent bonds during photolysis to new regions, 
Should the fatter occur then incorrect information 
on nearest neighbor re~atio~s~ps could evolve. It 
would seem that there is a need for a direct compari- 
son between the results obtained by these two 
methods. 

So as not to give the ~pression that pbotoactiv- 
atable heterobi~n~oua1 reactions are useful only 
for large ligands, it is worth mentioning two applica- 
tions involving small ligands. 3’-Arylazido aminopro- 
pionyl-Sazido ATP contains two azido groupings 
and has been found to be of use in cross-linking both 
the o and @ subunits of bacterial Fr-ATPase [IOS, 
1095; this is of significance since &azidu ATP prefer- 
entially labels the JI subunit. Recently it has been 
demonstrated [I#] that the high affinity @adzeno- 
ceptor antagonist era-am~obe~lc~~olol binds 
covalently to the receptor following photolysis when 
bound ligano prep~ations have been treated with a 
photoIabile heterobi~nc~on~ reagent. Tbis finding 
has many rotations for the reason that a large 
number of neurotrans~tte~ are p~rna~ amines; 
irreversibly binding derivatives have not been de- 
scribed for many of them. Since, however, many 
of the neurotransmitte~ are already available in 
isotopic form, their covalent attachment to receptors 
might be easily accomplished. In addition, because 
the ligand itself is not derivatized neither its affinity 
nor its efficacy wouId be aitered by the presence of 
an azido or arylazido ~ouping. For those amines in 
which the addition of a large adduct at the amine 
terminal is well-tolerated~~th~ recent descrip~on 
[135] or relatively small, [ I]-iodinated photo~~ti- 
vatable heterbifunction~ reagents may aliow a one- 
step synthesis of photoa~n~~ analogs with high 
specific activity. 

Pirfalls and &‘ktr need for cotwo& 
Currently, experiments are underway to character- 

ize the interaction of t3H]ANAPP3 with the Pz-puri- 
nergic receptors of the smooth muscle of the guinea- 

pig vas deferens. This involves the photolysis in 
organ chambers of f3H]ANAPPs (lo-“M) in the 
presence of the tissue (since ANAPPs interacts with 
cellular ATPases [So, 91f , intact tissues must be used) 
and the subsequent ~lya~~l~de gel electro- 
phoresis of samples, as is widely done, While the 
main results will be reported elsewhere, there are 
some features of this kind of approach which are of 
general applicabi~ty and which call for the use of 
appropriate controls. For example, in addition to the 
in~o~ration of fsH]ANAPPs into h&h molecular 
weight proteins, %I is aIso observed in low molecular 
weight regions of the gels. This activity is observed 
only following photolysis. It appears in samples of 
the Kreb~-~en~leit bathing medium taken f&low- 
ing photolysis, and in samples of 13H]ANAPP3 
photolyzed in water or in Krebs-Henseleit solution 
(tissues absent), The mobility of ra~oa~~ty in the 
Iatter two samples is somewhat different than in the 
tissue bath sample. 

Several control experiments indicate that the 
activity reflects the fo~atio~ of insertion products 
with undefined protein(s) which is released into the 
bathing medium from the tissue, the insertion of 
ANAPP3 into a #m~nent of the webs-Hens~l~it 
ph~~oIo~~a1 solution fas judged from samples 
photolyzed in Krebs-Henseleit solution lacking the 
tissue), or the co-insertion of ANAPP3 into itseif or 
its reaction products (as judged from samples of 
ANAPPs p~otolyzed in water). A misinte~retation 
regarding the characteristics of receptor-linked 
~~~~on of ~3~]ANAPP~ would have emerged 
had these controls not been performed. The co- 
insertion of high molecular weight photoprobes (e.g. 
peptides) will yield products of even higher molecu- 
lar weight. We therefore advocate the use of controls 
(i.e. electrophoresis of samples of photolyzed com- 
plete medium minus binding sites, membranes, tis- 
sues, etc.) to rule cmt the possib~Iity that regions of 
high specific in~~radon are due to interlig~d 
insertions or the reaction of the photoprobe with the 
buffer or other ingredient. 

The cwreu ppUrtity of pbo~oa~~~ labels as 
tools for the isolation and characterization of eelI 
components may diminish as alternative means, e.g. 
protein high performance liquid chromatography 
and aflmity ~hromatography~ are developed. How- 
ever, their ~~erni~al properties make them amenable 
to other applications which have not been widely 
considered. 

~~c~~u~~c~~ar agoflirts and ~~~~Q~~~. It is 
often necessary to establish that a receptor has a celi- 
surface localization. This has been accomplished by 
eliciting responses with large molecular weight 
agonist-protein conjugates, as in the case of adeno- 
sine receptors f 149-X2], and with agonists attached 
to solid supports fagarose and glass beads; [UZ, 1.537; 
these agems cannot be internalized by cells, Photo 
affinity labels can be used th~ore~~ally to prepare 
high molecular weight agonists, Ordinariiy it is desir- 
able (uUe supra) that covalent bonds are formed 
only at the binding site, due to the selectivity and 
high affinity of the photoaffinity Iigand for the site, 
However, the actual formation of the covalent bond 
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following photoactivation is chemically a relatively 
nonspecific event and occurs as a result of insertion 
into whatever moiety is near. Advantage can be 
taken of this chemical nonselectivity by using condi- 
tions which favor nonspecific covalent insertion [154] 
into proteins to create a high molecular weight con- 
jugate. For example, photolysis of a high (10e3M) 
concentration of ANAPP3 in a solution containing 
bovine serum albumin resulted in a high molecular 
weight species (BSA-ANAPPs) which, after dialysis 
and size-exclusion chromatography, caused contrac- 
tile responses of the guinea-pig vas deferens which 
resembled qualitatively those evoked by ATP. * Pre- 
sumably, the ATP adducts linked to the albumin 
through the 3’-arylazido aminopropionyl bridge had 
sufficient access to the cell-surface Pz-receptor [152] 
to trigger responses. The use of photoaffinity labels 
to produce high molecular weight conjugates may be 
more advantageous than the use of other chemical 
coupling agents (e.g. l-ethyl-3,3’-dimethylisopropyl- 
carbodiimide; [155]) insofar as uncertainty about 
where coupling to the ligand takes place is 
eliminated. 

Anti-idiotypic antibodies. High molecular weight 
compounds such as BSA-ANAPP3 should be 
immunogenic. Antisera to such agents can then be 
used to produce anti-idiotypic antibodies which can 
function as anti-receptor antibodies [156]. Such anti- 
receptor antibodies have proved useful in the charac- 
terization of beta-adrenergic [157] and insulin [156] 
receptors. The use of antibodies to characterize 
receptors has been reviewed recently [158]. Follow- 
in 

4 
labeling with fluorescein isocyanate, peroxidase 

or “1, the antibodies would permit via immunohisto- 
chemical and autoradiographic techniques identifica- 
tion of the cellular location of receptor sites as well 
as the distribution, localization and prevalence of 
such sites in complex organs, such as brain, where 
direct photoactivation of the photoaffinity label with 
light would be difficult. Anti-idiotypic antibodies 
could be considered as a class of specific pharmaco- 
logical antagonists for both in vivo and in vitro 
experiments, and it is likely that, at least in the case 
of photoaffinity labels with relatively low affinities 
for the binding site, the affinity of the anti-receptor 
antibody for the receptor would exceed that of the 
native photoligand. 

If cells contain multiple recognition sites for a 
photoaffinity label, as is the case with ANAPPs which 
photolabels ATPases [90,91] as well as the Pr-re- 
ceptor [78], affinity chromatographical methods, 
such as those involving agarose-ATP, might not dis- 
criminate between the enzymes and the receptor. In 
addition, a photolabeled receptor is no longer a 
native one, and only biophysical characterization 
would be possible after isolation of the labeled 
species. An immunoaffinity chromatography system 
utilizing an anti-idiotypic antibody derived from anti- 
BSA-ANAPPs, if there should be little cross-reactiv- 
ity with intracellular ATPases, might allow the facile 
separation of Pz-receptors in solubilized cell mem- 
brane fractions from otherwise similar binding sites 
or enzymes which recognize ATP. Analogies may be 
easily extrapolated to other systems. 

* J. S. Fedan, R. J. Head, G. K. Hogaboom and J. P. 
O’Donnell, unpublished observations. 

In vivo and therapeutic applications. The delivery 
of external light of sufficient intensity to internal 
organs to cause photoactivation is not possible with 
the light sources used ordinarily in in vitro experi- 
ments. This would seem to limit the usefulness of 
photoaffinity labels as in vivo probes in studies on 
deep tissues (e.g. brain), in which integrative physio- 
logical relationships may be of interest, and as thera- 
peutic agents, where delivery of light via invasive 
techniques is often undesirable. There are a number 
of approaches which circumvent this problem. For 
example, several tissues (e.g. heart, hippocampus, 
cerebellum) have been transplanted successfully into 
the anterior eye chamber, where they become inner- 
vated, vascularized and retain near-normal charac- 
teristics as judged electrophysiologically [159-1621, 
The small size of the transplanted tissues, and the 
fact that they are externalized, could permit their 
exposure to photoaffinity labels and subsequent 
photolysis with conventional light sources. 

The photoactivation of therapeutic agents to treat 
lung and other cancers in humans is now being evalu- 
ated by Dougherty and colleagues [163-1671, Hayata 
et al. [ 168,169], and others [170], and the results of 
their work are promising and exciting. A derivative 
of the photosensitive dye hematoporphyrin (HpD) 
is sequestered and retained by malignant tissues. 
Upon exposure to red light (>600 nm), which also 
penetrates tissues [164] to some degree, the com- 
pound in the presence of oxygen is thought to cause 
the formation of oxygen free radicals [171] which are 
cytotoxic. Following the i.v. administration of HpD 
to laboratory animals and humans, external irradi- 
ation with red light caused remission of superficial or 
relatively superficial tumors [163, 1651. In humans, 
malignant cutaneous and subcutaneous lesions have 
responded to photoradiation therapy of this type, 
and a red laser-equipped fiberoptic bronchoscope 
was used to irradiate loci of pulmonary squamous 
metaplasia in advanced cases and resulted in a 
remarkable regression of the lesions. So as to allow 
more general utility of the procedure, the problem 
of delivering adequate light to internal sites may be 
overcome in the future, as suggested by these work- 
ers [166,168], by the implantation of fiberoptic 
devices into tumor tissue. 

A somewhat older but interesting approach to 
the treatment of psoriasis and other dermatological 
diseases involves phototherapy and photochemo- 
therapy, the latter in which photosensitizing agents 
(e.g. psoralens) are used in conjunction with ultra- 
violet light to enhance its local toxicity [172-1741. 
The ability of ultraviolet light to penetrate tissues is 
limited, and anyone who has experienced a severe 
sunburn will appreciate its toxicity. Since adjunctive 
therapeutic agents such as psoralens are already 
administered parenterally to patients, since the tox- 
icity of ultraviolet light is wavelength-related [173], 
and since the formation of DNA-psoralen or other 
photoproducts [172] might be expected to occur in 
several different cell types, it would seem reasonable 
to suggest that this photochemotherapeutic approach 
could be extended, using the technique of delivering 
light locally [ 166,168], to the management of super- 
ficial malignancies of internal organs. 

Ultimately, the general application of light to acti- 
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vate or enhance the effect of therapeutic agents or 
adjuncts using noninvasive procedures is limited by 
the degree to which irradiation of reasonable 
energies penetrates tissues. While this is a real prob- 
lem when dealing with nonion~ng radiation (e.g. 
ultraviolet and visible light), ionizing radiation (e.g. 
X-rays) has no difficulty traversing soft tissues. In 
addition to its use in diagnostic imageing procedures, 
X-rays are used widely, with and without hypoxic 
cell radiosensitizing agents [175-1773, for the radio- 
therapy of malignancies. Two points can be made 
here which introduce the next concept: the emphasis 
on the clinical use of ionizing and nonionizing radi- 
ation has been directed solely and understandably to 
cancer and other disorders of cell growth; and the 
penetrability of ionizing radiation allows it to reach 
areas of the body where it could interact with and 
modify the chemical characteristics of drugs. It is for 
the latter reason that we view as extremely important 
a recent preliminary report by Cashman et aE. [178] 
that X-rays were able to activate a photoaffinity 
label (&azido cyclic AMP) in in vitro experiments 
involving Salmonella typhimurium. No followup 
studies have appeared in the literature. 8-Azido 
cyclic AMP and all non-aryl azido photoaffinity 
labels ordinarily require ultraviolet light to cause 
photolysis, and the limitations, toxicities, etc. of 
short wavelength light in a number of experimental 
and clinical situations have been discussed (oide 
supra). Nitrophenyl arylazides do not absorb red 
light, of the kind used in HpD treatment; because 
living tissues are red, the blue light used for photo- 
lysis of these compounds would be readily quenched. 
To amplify on the authors’ [178] speculation, it would 
now seem tenable that photoaffinity labels in general 
could be valuable research and therapeutic agents in 
in vitro, in vivo and clinical situations to produce, at 
will, a noninvasive “photoactivation” of the com- 
pounds with X-rays. While the r~ifi~ations of this 
finding by Cashman et al. may be obvious, it may be 
helpful to discuss its potential impact given that 
photoaffinity labels produce specific and long-lasting 
pharmacological and often antagonistic effects. In 
the neurosciences, the local infiltration or iontopho- 
resis of compounds during X-radiation of discrete 
brain areas with focused beams of sufficient intensity 
to penetrate bone might allow an evaluation of the 
effect of receptor blockade, the possible identifica- 
tion of transmitter roles and neural circuits, and 
the labeling of cell components in brain tissue. The 
treatment of glaucoma with cholinergic and beta- 
adrenergic blocking photoaffinity labels could not be 
accomp~shed safely using ultraviolet or high inten- 
sity visible light for photoactivation because retinal 
damage would result; photoactivation by X-rays 
might be a suitable alternative to achieve a long- 
lived pharmacological effect. Numerous situations 
exist in therapeutics where systemic and/or side 
effects of a drug require that the dose administered 
be kept lower than would be desirable to produce a 
more profound effect at local sites. Two of many 
such examples would be the restriction of the phar- 
macological effect of certain calcium entry blockers 
(e.g. nifedipine), which cause hypotension, in life- 
threatening coronary vasopasm to the coronary vas- 
culature, and the restriction of the actions of chemo- 

therapeutic agents to the tumor. It seems possible, 
on a conceptual basis, that the infusion of high con- 
centrations of such agents into the vasculature sup- 
plying the tissue of interest during X-radiation could 
raise local ~ncentrations to the desired levels, mini- 
mize other systemic effects as the drug is diluted in 
the peripheral circulation, as well as produce a more 
permanent effect than would otherwise be possible. 
(The local infusion of HpD has also been suggested 
by Hayata et aE. 11681). The therapeutic application 
of photoaffinity labels in conjunction with X-rays 
will undoubtedly require careful consideration of the 
toxicity of ionizing radiation on non-tumerous tissues 
as well as the design of X-ray apparatus capable of 
producing focused beams of small size. For photo- 
pharmacology to become a reality, it will be neces- 
sary to more fully understand X-ray activation of 
photo~nity labels and the interactions and effects 
of these agents in intact tissues. 
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