
tor prepared from rat liver cytosol in the 
presence of 20 mM Na2Mo04 (15). 20- 
Dihydroprednisolonic acid failed to sta- 
bilize lysosomal membranes or replace 
labeled dexamethasone bound to the re- 
ceptor. In addition, the steroid acid es- 
ters showed no inhibitory activity on rat 
skin collagen synthesis and did not cause 
skin atrophy when administered subcu- 
taneously (16). 

These data substantiate the hypothesis 
that both steroid keto acid and hydroxy 
acid esters which retain the intact ring 
structures of potent corticosteroids pos- 
sess anti-inflammatory activity but upon 
entry into the circulatory system from 
the administration site are hydrolyzed to 
inactive steroid acids. Thus, these acid 
ester derivatives have minimal adverse 
systemic effects. The fact that anti-in- 
flammatory activity of the steroid acid 
esters was not accompanied by PA sup- 
pression after local and systemic admin- 
istration suggests that the anti-inflamma- 
tory activity of corticosteroids may be 
separate from the PA suppressive activi- 
ty. 

Typically, the C-20 carbonyl function 
has been considered essential for anti- 
inflammatory activity. No glucocorticoid 
currently in clinical use has a reduced 
keto group, that is, a hydroxy group, at 
the C-20 position as is present in methyl 
20-dihydroprednisolonate. It is therefore 
significant that the corresponding C-20 
hydroxy compound is not only an active 
local anti-inflammatory agent but also is 
as potent as the C-20 keto compound. 

We suggest that a new term, antedrug, 
in contrast to the term prodrug coined by 
Albert (17), be applied to active com- 
pounds formed by chemical modification 
of an active parent compound, when the 
new compound is rapidly metabolized to 
an inactive compound upon entry into 
the circulation from the tissue to which it 
was applied. Thus the antedrug acts only 
locally. The steroid-21-oate esters dis- 
cussed in this report serve to exemplify 
this concept. 

HENRY J. LEE 
MAGDI R. I. SOLIMAN 

School of Pharmacy, 
Florida A & M University, 
Tallahassee 32307 
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Genetic Damage in Escherichia coli K12 AB2480 by 

Broad-spectrum Near-Ultraviolet Radiation 

Abstract. Irradiation with either broad-spectrum near-ultraviolet uuorescent BLB 
(black light blue)] or monochromatic wavelengths in the near-ultraviolet range (320 
to 400 nanometers) can cause specijic damage to DNA as shown in experiments with 
Escherichia coli K12 A82480 at the stationary phase of growth. 

Renewed interest in the biological ef- 
fects of exposure to solar ultraviolet 
(UV) radiation (295 to 400 nm) has re- 
vealed uncertainties in our knowledge of 
the kind of damage produced in cells, 
plants, and animals (including humans) 
to wavelengths in the 295- to 320-nm 
(mid-UV) range and the 320- to 400-nm 
(near-UV) range (1-3). Three major 
questions remain. (i) Do wavelengths 
longer than 320 nm produce significant 
direct or indirect effects in genetic mate- 
rial? (ii) Do the biological effects follow 
the absorption spectrum of DNA at 
wavelengths greater than 310 nm? (iii) 
Does the sum of the effects of single 
wavelengths equal the effect of broad- 
spectrum near-UV radiation, such as so- 
lar UV, over the same wavelength 
range? Because of light scatter in solu- 
tions of DNA, it has not been possible to 
measure accurately the true absorption 
of DNA at wavelengths longer than 320 
nm, but progress has been made (4). 
Other evidence suggests that many of the 
biological effects observed at wave- 
lengths longer than 320 nm occur 
through indirect mechanisms such as 
photodynamic action, which is oxygen- 
enhanced, or triplet sensitization, which 
is not enhanced by oxygen (5-8). The 
answers to these questions are important 

in the practice of dentistry (9) and der- 
matology (3), in the assessment of bio- 
logical consequences of the depletion of 
stratospheric ozone (I), and in medical 
and recreational uses of mid-UV and 
near-UV wavelengths (3, 9). 

We have compared the production of 
cyclobutylpyrimidine dimers in Esche- 
richia coli DNA by broad-spectrum 
near-UV radiation with that by mono- 
chromatic wavelengths within the same 
wavelength band, using the specificity of 
enzymatic photoreaction (PR) (10) as the 
basis of a biological assay of the pyrimi- 
dine dimers produced. 

The radiation-sensitive variant E,  coli 
K12 AB2480 (recA uvrA) (Fig. 1B) was 
incubated at 37°C for 48 hours on the 
surface of nutrient agar (Difco). Cells in 
the stationary phase of growth were used 
for the biological assay of radiation sen- 
sitivity and photoreactivability. The cells 
were suspended at approximately lo8 
cells per milliliter and centrifuged twice 
before resuspension in M9 buffer @H 
7.0) at the same concentration (11). Irra- 
diation was carried out at high fluence 
rates and at 0°C to reduce the possibility 
of concomitant photoreactivation, since 
fluorescent BLB (black light blue) radia- 
tion is within the effective wavelength 
range of enzymatic PR. The BLB light 
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Fig. 1. Cell killing of E. coli K12 AB2480 in stationary phase in the presence (closed symbols) and absence (open symbols) of maximal PR (400-nm 
light at 20 W/m2 for 30 minutes at  2YC, fluence of 3.6 x 104 Jim2) after exposure to lethal fluences of radiation. (A) Lethality by fluorescent BLB 
radiation with a PR ratio of 7.1 : 1; (B) lethality by 260-nm radiation with a PR ratio of 4.1: 1 ;  (C) lethality by 334-nm radiation with a PR ratio of 
4.1: 1; and (D) lethality by 380-nm radiation with a PR ratio of 3.3: 1. Fluence rates for lethality were 65 W/m2 with BLB radiation, 0.0035 W/m2 at 
260 nm, 400 W/m2 at 334 nm, and 350 W/m2 at 380 nm. Typical single experiments are shown; each protocol was repeated at least two times. 

source, especially designed to yield a broad-spectrum BLB radiation (spectral to 405 nm) can produce cyclobutylpyrim- 
high fluence rate, was an array of twelve range, 313 to 405 nm). In contrast, the idine dimers in yields great enough to 
4-W bulbs arranged around a 5-cm- PR ratios after lethal irradiation with the account for many of the biological effects 
square chamber with three bulbs on a monochromatic wavelengths were all observed. However, wild-type and uvrA 
side. The unit was operated at  135 V, significantly lower-4.1: 1 with 260-nm strains have such a great capacity to 
which increased the radiant emission 35 radiation, a far-UV wavelength near the repair cyclobutyl dimers produced by 
percent above that a t  115 V. The Pyrex widely used wavelength of 254 nm (Fig. near-UV radiation that their contribution 
irradiation vessel was cylindrical, with 1B); 4.1: 1 with 334-nm radiation (Fig. to  cell killing is below detection (13). In 
an inside diameter of 1 cm. The vessel 1C); and 3.1 : 1 with 380-nm radiation contrast, near-UV-induced dimers can 
was surrounded by a cylindrical Pyrex 
jacket through which a thermostatically 
controlled mixture of 15 percent ethanol 
in distilled water was circulated to  con- 
trol the temperature of the sample during 
irradiation. Single wavelengths in the 
near-UV range were obtained from a 
2.5 kW mercury-xenon monochromator. 
The radiation sources and the stray-light 
filters used for obtaining monochromatic 

(Fig. ID). The monochromatic wave- 
lengths 334 nm and 380 nm lie well within 
the fluorescent BLB emission spectral 
range. In addition, the cells were more 
sensitive to  killing by BLB radiation than 
by 334 nm (3.5-fold), 380 nm (20-fold), or 
any wavelength tested above 320 nm (2, 
6, 7 ) .  

Different kinds of data clearly demon- 
strate that the photoreactivation demon- 

be demonstrated to be mutagenic (2, 16). 
Various additional DNA lesions have 
been shown to be produced in cells by 
near-UV radiation. These lesions include 
DNA single-strand breaks (5, 17), alkali- 
labile bonds (17),  and pyrimidine glycols 
(18). Damage to various DNA repair 
systems by near-UV radiation may mod- 
ify the effects of DNA lesions (19, 20). 
Furthermore, effects in human tissue 

radiation have been described (7). Photo- strated under these four sets of condi- have been reported by Zigman et al. (21), 
reactivation was conducted at a low tions is of the enzymatic type (2, 10, 12). who have shown that damage to various 
fluence (3.6 x lo4 ~lm')  at 25°C (12, 13). Furthermore, Tyrrell (14), using the parts of the human eye can occur from 
The beam from a quartz iodine lamp 
mounted in a modified slide projector 
was filtered by a solution of CuS04,  
CoS04, and an absorption filter (Optics 
Technology LP4OO), yielding an emis- 
sion peak at  approximately 400 nm with 
little energy (< 5 percent) emitted below 
380 nm. Fluence rates were measured 
with a calibrated Kettering radiometer 
(model 65, Yellow Springs Instrument). 

Photoreactivation at  25°C after lethal 
fluences of BLB radiation at O°C is 
shown in Fig. l A ,  and PR after irradia- 
tion at representative monochromatic 
wavelengths is indicated in Fig. 1, B to 
D. The PR fluence-reduction ratio (ratio 
of the slope in the absence of PR with 
that in its presence) was 7.1: 1 after 

method of Carrier and Setlow (15), 
chemically identified cyclobutylpyrimi- 
dine dimers produced by monochromatic 
365-nm radiation in cellular DNA. These 
dimers were readily monomerized by 
yeast PR enzyme with light and by direct 
exposure to  monochromatic 235-nm ra- 
diation without the PR enzyme. In addi- 
tion, concomitant PR can be demonstrat- 
ed after exposure to  monochromatic 365- 
nm radiation (12) and with broad-spec- 
trum BLB radiation by comparing 
results a t  25°C and 0°C (data not shown). 
Therefore, on the basis of the specificity 
of enzymatic PR (lo), we conclude that 
both monochromatic radiation in the 
wavelength range 334 to 380 nm and 
broadband near-UV BLB radiation (313 

exposure to  different near-UV sources. 
Genetic damage produced by near-UV 

radiation is not limited to  bacteria: endo- 
nuclease sites (22, 23), single-strand 
breaks (23), and sister chromatid ex- 
changes (23) have been produced by a 
near-UV wavelength (365 nm) in mouse 
and hamster cells. There is little doubt 
that similar DNA lesions are produced in 
human cells (24). These results have 
special significance because of the recent 
increased use of tanning booths and tan- 
ning beds employing both mid-UV and 
near-UV wavelengths (3, 25). 

Caution should be exercised in the 
presence of near-UV radiation, including 
the near-UV component of sunlight (2,3, 
22, 24). If a functional PR enzyme is 
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present in human tissue, as has been 
suggested by Sutherland (26), concomi- 
tant PR during near-UV irradiation, in- 
teracting with efficient dark DNA repair 
systems, should reduce but not eliminate 
DNA damage from solar UV radiation. 
However, if an effective PR enzyme is 
not present in human skin or the human 
eye, stringent precautions are appropri- 
ate when the possibility exists of expo- 
sure to moderate to high fluences of 
near-UV radiation. 

ROBERT B. WEBB 
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Division of Biological and Medical 
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shells were boiled, and both replica and 
natural shells were handled with dispos- 
able gloves (IS) to control for additional Calcium-Bearing Objects Elicit Shell Selection chemical cues. Shell selection was exam- 
ined by binary choice tests between a 
natural and replica shell or a pair of 

Behavior in a Hermit Crab 

Abstract. Hermit crabs explore empty gastropod shells by touching, rolling, and 
probing them before choosing one for a home. This component of shell selection 
behavior was examined in Pagurus hirsutiusculus hirsutiusculus (Dana) with binary 
choice tests between natural shells and accurate replicas of the shells with different 
chemical compositions. The results show that calcium emanating from the surface of 
shells is responsible for the behavior. Sensitivity to calcium may be a factor that 
enables the hermit crab to locate partially buried shells and discriminate empty 
shells from ones housing living gastropods or from small pebbles. 

replicas of the gastropod shell Nucella 
emarginata or N .  canaliculata. Crabs 
were removed from the shells in which 
they were found and placed in an 
opaque, round test chamber with an exit 
to a larger container. Two shells 
(choices), side by side with their aper- 
tures down, were placed directly outside 
the exit. Animals were tested only once. 
Shell positions were alternated between 
trials to control for side preferences. 
Except for animals tested in complete 
darkness, crabs were scored only if they 

Many hermit crab species carefully 
select the gastropod shells they inhabit 
(1-4) and exhibit a complex behavioral 
sequence before accepting a shell (2, 5). 
Briefly, the selection process begins with 
the hermit crab grasping a shell with its 
walking legs and running its opened che- 
lae over the surface. It then rolls the 
shell over between its appendages until it 
finds the aperture and probes the open- 
ing with the chelae. If the hermit crab 
lacks a shell, aperture probing is always 
followed by rapid insertion of the crab's 
abdomen into the shell (Fig. 1). 

The specific features of shells that the 
crab examines and how each indepen- 
dently affects the choice of a shell was 
not known (6, 7). To study this, replicas 
of natural shells, including their fine tex- 
tural features, were constructed. Origi- 
nal shells served as a standard for artifi- 
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cia1 replicas of different compositions. 
Independent variation of shell parame- 
ters allowed assessment of the contribu- 
tion of each to shell selection (8). 

Using this technique, I found that cal- contacted both shells. 
To test the effects on behavior of par- 

ticular minerals, a sample was placed in 
Table 1. Results obtained from binary choice 
tests with the hermit crab P, hirsutiusculus. 

the test chamber at a fixed position just 
outside the crab's refuge (a few rocks). 
Animals were given a maximum of five Number of 

animals NUm- 
choosing be' 

Condition of 
Natu- Rep- ani- 

ral lica mals 
shell shell 

contacts with only one sample and 
scored if full exploratory behavior was 
observed (14). 

In tests of selection between plaster 
replica shells and natural shells, 26 of 26 
hermit crabs preferred replica shells. Seawater 0 26 26 

Seawater saturated 13* 9* 22 
with CaSO, 

No visual informa- 0 8 8 
tion, seawater 

Hermit crabs that were in contact with 
both shells explored the surface of the 
plaster replica shells first; further explo- 
ration was followed by acceptance of the 
plaster shells. *Not significantly different by the chi-square test. 
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