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EFFECT OF RADIO- FREQUENCY RADIATION (RFR) AND
DIAZOLUMINOMELANIN (DALM) ON THE GROWTH
POTENTIAL OF BACILLI

J. G. Bruno and J. L. Kiel*

Anmstrong Laboratory, Brooks AFB, Tex.

DALM, which is thought to gencrate increased levels of free madicals in response 1o RFR, was synthesized in sima by
Racillus anthracis. Bacilli grown under DALM-producing conditions showed significantly lower plate counts in response
1o circularly polarized 2450MHz RFR (100 W/kg) with exposures as shont as 30 min. Bacilli grown on media for 3 days
pnor to irradistion demonstrated lower colony counts than 1-day-old cultures under DALM-producing and nonproducing
conditicns. No significant RFR effects were observed for endospore preparations of hacilli grown in the absence of DAILM
substrates. Thus, DALM appears to function as a microwave-sensitive antibiotic that may operete through a free radical-
mediated mechanism. In addition, DALM-laden bacteria have demonstrated temperature-dependent *‘slow fluorescence,"’
which supponts the hypothesis that DALM tonicity is mediated by free radicals and suggests that DALM may be of utility

in molecular electronics.

Free radicals are known mediators of ionizing radiation bioeffects. At low levels, nonionizing radiation
imparts insufficient energy to generate free radicals directly. Yet several investigators'2 have proposed or
cxamined free-radical-driven biochemical processes to ascertain whether natural free-radical levels might be
enhanced by RFR. Results indicated lmle evidence for microwave-induced cellular damage by free radicals
secreted to the extracellular environment.? Hence, we reasoned that coupling RFR to a robust frec—radxcal
generator such as DALM, which is probably synthesized intracellularly or in the periplasmic space,? might
amplify suspected bioeffects.

We initiated studies of Bacillus anthracis (nonpathogenic Steme strain) under conditions thought to gen-
crate elevated levels of free radicals (i.e., DALM loaded) to determine whether nonthermal RFR-driven free-
radical formation could kill bacteria. Bacilli were chosen for two reasons. First, one may examine RFR
cffects on purified, quiescent endospores (vaccine) as well as metabolically active vegetative cells. Second,
when fed appropriate substrates (i.e., 3-amino-tyrosine, nitrate, and luminol), the bacteria synthesize a chemi-
luminescent polymer known as DALM.35 DALM is thought to generate increased levels of free radicals in
response to RFR, because its free radical-driven chemiluminescence increases with microwave heating.’

METHODS AND RESULTS

Figures 1(a) and (b) summarize results obtained from colony counts of bacteria cultivated for 1 day on
TSA (trypticase soy agar) only, or TSA plus DALM substrates (320 mg/l 3-amino-L-tyrosine, 12 g/l potas-
sium nitrate), and 100 mg/l 5-amino-2, 3-dihydro-1,4-phthalazinedione (luminol) with (solid line) or without
(dashed line) RFR exposure. Similar results were obtained for bacteria cultured 3 days on TSA only
(n =4, p =0.0627) and TSA plus DALM substrates (n =3, p = 0.0001). Figure 1(c) illustrates that RFR
had no appreciable effect on the growth potential of a live endospore vaccine (Thraxol-2, Mcbay Corp.,
Shawnee, Kans.). These data were collected from samples irradiated with 245S0MHz CW RFR for 30 min at
37 C in buffer censisting of sterile phosphate buffered saline (PBS), 0.75% NaHCO,, and 0.03% H,0,, fol-
lowed by scrial 10-fold dilution in PBS and plating in liquid TSA cooled to 45 C. Controls (-RFR) were kept
in a 37 C water bath to mimic temperature conditions during RFR exposure. All cells were initially diluted o
an absorbance of 2.0 at 600 nm. Temperature was maintained at 37 C by means of a computer-controlled air
cooling-heating system (Questech, San Antonio, Tex.). Colony counts greater than 300 were scored as too
numerous to count, but assigned a value of 300 for plotting and statistical analysis. All p values were
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dosived frem 2-way analysis of varimee (ANOVA). Schsequent dat (ot chown) s nppest exureticn o
DALM-lozded bacteria somuewhiere between 4 and 8 h of RFR exposure.

SUMMARY AND CONCLUSIONS

This work demonstrates the microwave-muginentsd antibiotic effect of DALM. In addition, obssrvations
ot reduced colony counts for DALM-laden bacilli and the lack of an RFR effect on quicscent endospores sug -
gests that RER-induced celluler damage is mediated by free radicals. The identily of free radicals gencrated
by DALM is still unknown; howaver, we suspect the formate redical is a primary damaging species. Oiher
radicals, such as the semiquinone, may also be involved, but probably to a much lesser extent. Global assess.
ment of inacromolecwles from exposed and unexposed bacteria by use of silver-stained SDS polyacrylamide
geis has revenled no obvious cvidence of free-radical damage (data not shown). Only age related anl
buffer-related chunges (i.e., the carbonate/bicarbonate concentration was varied) in banding pattems arc
cvident.

Alihough it is difiicult to produce tangible evidence of free-radical damage by the methods employed
here, three lines of cvidence point to a free-radical mechanism (data not shown). First, only DALM-laden
bacteria die or are growth inhibited in response to microwave exposures. Sccond, DALM-laden bacterial
chemiluminesce strongly in an RF ficld, even at 37 C. This chemiluminescence is believed to originate from
free-radical interaction with luminol moieties in DALM. Third, such bacteria exhibit the little-known
phenomenon of **slow fluorescence’* (unpublished obscwalion).sJ

Slow fluorescence is a process distinct from both fluorescence and phosphorescence in that the emission
is relatively long lived, but procceds from an excited triplet (in this case possibly a semiquinone radical).”
We have observed both red and green thermally dependent fluorescence emissions of a relatively long-lived
nature that are quickly regenerated in DALM-loaded bacilli upon subsequent excitation. The observation of
slow fluorescence sirongly suggests the possibility of free-radical gensration by DALM.

Thus, these experiments suggest that DALM, biosynthesized in situ, in conjunction with microwave
enargy may be used as a potentially effective antibiotic and photonic switching device (with the microwave
ficld tuming on the emission). Future work will focus on establishing the postulated free radical-mediated
mechanism by addition of various free radical scavengers to abolish or abrogate the differences in colony

counts reported here.’
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