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"ABSTRACT
Uttraviolet radiation 254hmis highly inimical
to microorganisms to the extent that substances
which by themselvaes are mildly antagenistic
offered no synergistic advantage when co-jointly
used with the radiation. The course of steriliza-
tion by radiation was markedly influenced by the
bulk of material, UV radiation 350nm on the
other hand showed two distinctly opposing ef-
fects; a capacity to revitalize radiation-injured
organism, albeit to a small axtent, and a dis-
tinctly lethal etfect; of the two, the atter effect is

predominant.

Keywords: Ultra violet light, micro-organism,
genome, poiynucleotide, enzyme,
-reactivation.

INTRODUCTION

The influence of sunlight in minimizing the
poputationof microorganisms inthe atmosphere
" as a hatural means of preventing. spread of
infectious diseases was common knowledge for
many centuries. Similarly, many indigenous
food preservation processes utilize sundryingto
reduce moisture content thereby creating a
_degree of dehydration that would not favour
~ gurvival of microbial contaminants present, but

in so doing such processes also exploil the
biocidal effect of sunlight. The inimical effect of
sunlight on microorganisms is now firmly estab-
lished as due mainly to its content of ultra violet
{UV) light. Artiticial sources of UV radiationinthe
form of commercial mercury lamps are now
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widely in use for controliing microbial contami-
nants of the atmosphere in enclosed areas &.q.
hospital wards, surgical theatres, aseplic labo-
ratories and in some food processing industries.

The UV spectrum ranges between wave-
lengths 400 to 200 nm approximately but the
antagonistic effect of this broad spectrum is
reported to vary with the wavelengths [1]. Itis
now generally accepted that optimum biocidal
activity resides with wavelength 254nm. The
mechanism by which UV destroys a living or-
ganism is not fully understood. H is, however
believed that LIV radiation affects cells by induc-
ing Jethal chemical changes in DNA or RNA or
both, structures which are the repository of
genetic information; changes in these nucleo-
tides therefore ultimately impair cell replication,
physiological function and account {for most of
the lethal effects, though disruption of protein
structures e.g. enzymes might also be a con-
tributory factor.

Much of the early research effort was di-
rected primarily to the study of conditions sugh
as would promote the revival of UV-injured
organisms e.g. by modilying the chemical com-
position of recovery media orthe physico-chemi-
cal conditions {2,3] that were considered essen-
tial for recovery of microorganisms. The general
observation that UV 254nm is highly effective
against microorganisms has led to the sugges-
tion that in preparing killed bacterial or viral
vaccines for active immunization for prophylac-
tic purposes, UV radiation may have a theorati-
cal advantage [1]. It is believed that since the
genome (DNA) is more sensitive to UV damage
than are the immunologically important surface
antigens, the disease causing organism would
be readily killed without much damage to iis
structures that actually induce antibody forma-
tion in a susceptible recipient - a necessary
immunological even that must happen in order
forthe recipient host to acquire protection against
the infection. '

i is here considered that verification of the

proposal might best be approached in stepwise
- investigations into some basic anti-microbial

properties of UV 254nm and the probable influ-
ence, it any, that certain adjuvants of immunol-
ogical products might exert. Inthe current work

88



therefore Investigations were designed 10 study
some of the fagtors as an integral part of the UV-
microbial suspension system rather than as par
of the recovery bacteriological medium.

MATERIALS AND METHODS

UV Lamg: Universal UV lamp CAMAG Type TL
900U liberated UV light 254nm and 360nm, it
was enclosed in a specially constructed box
whose internal walls were blackened, a precau-
tion adopted to obviate possible interference by
extraneous light.

Test microorganisms: Escherichia coli (NCTC
5933, E. coli) and Staphylococcus aureus (NCTC
8765, Staph. aureus) were selecled as biologi-
calindicators since these are common contami-

nants.
i : Nuirient Broth, Nutrient

Agar, McConkey Agar, MRVP and Mannitol Salt
Agar, all Oxoid products; they were prepared,
sterilized and stored according to Oxdid specifi-
cation. McConkey Agar and MRVP were em-
ployed to establish the authenticity of the strain
of E.coliused, and Mannitol Salt Agar, of the
strain, Staph. aureus. All others were for routine
purposes.

Qverdried Nutrient Agar Plates: were used for

recovery of organisms and these were prepared
by drying freshly poured nutrient agar plates at
37°Cidior 24 hr: a drop of water defivered by a
capillary dropping pipette onto the agar surface
was absorbed within 20-30 mins.
j ! :The
authentic strain of organtsm was inoculated on
agar slants and incubated at 37°C for 24 hr. The
slants were washed with sterile water and pooled
1o form a stock suspension. A cycle of centri-
fuge-wash-centrifuge was adopted 1o free the
organism of extraneous nutrient material which
rmight protect the surface of the organism from
radiation.

The suspension was finally standardised to
establish its density {population perml) using a
procedure described by earier workers [4].

.Standardization made it feasible fo calcuiate the
volume of stock recuired 1o provide a desired
density for all subsequent bactericlogical reac-
tions carried out. The $10ck was then stored at
4° until required for use.

EXPERIMENTAL
Intrinsic effect of UV 254nm on Micro
organisms

A volume of standard bacterial suspension
containing 6.0 x 10* viable organisms per ml of
E. coli or Staph. aureus was pipetted intc awide

1

mouthed plastic container, This was then posi-
tioned at a fixed (15cm) distance and at a
definite geometry in relation to the UV source.
The suspensicn was, thenirradiated for a speci-
tied time. Aliquot samples of the treated bacte-
rial suspension were immediately transferred
onto overdried nutrient agar plates, allowed to
diffuse and finally incubated at 37°C for 24 hr.’
Colonies that developed on the agar plate rep-
resenied the number of surviving organisms in
the aliquotl samples after irradiation.

Effects of suspension bulk on
efficiency of 254nm

Avalume(0.5,2.2,4. Goraﬁmi) oﬂhe stock
suspension containing 10% viables per ml was
pipetted into each of four plastic containers of
identical dimensions and made up to corre-
sponding final volumes of 3, €, 9 or 12mi, with
sterile water. Each suspension was then posi-
tioned as before and irradiated at 254nm. The
number of survivors was determined by the
same method described above.

By the design arrangement used (i) the
depth of suspension iradiated ranged from 3 1o
12mm, (i) the critical distance between UV
source and the top layer of suspension (air
distance) also varied from 147mm to 138mm,
both factors, viz depth {buik of suspension), and
air distance were studied for their relative ef-
fects.

Tonicity effect on radiatlon petfor-
mance

The standard incculum of crganism was
suspended in hypo-, hyper, and isotonic solu-
tions of sedium chiloride, Each was immediately
after preparation subjected to 254nm and the
procedure for determining survivors followed as
outlined above.

Response of 254nme-injured organ-
isms to 350nm expesure

Reports that UV 350nm has the capacity to
revitalize radiation damaged cells led to the
design of this investigation. A standard test
organisms was first irradiated at 254nm for a
pre-determined time pericd equivalent to LT,,
{30 secs) viz the time required to kill 50% ap-
proximately of the initial inoculum. A sample
was withdrawn at LT, and incubated while the
remaining portion of suspension inthe container
was instantly divided into two portions and
respectively switched to 350nm or translerred
into dark storage. They were sampled atregular
intervals, plated and the survivors determined,
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with LT, counts representing the ‘initial'pupula-
tion just prior 1o exposure at 350nm or dark
slorage.

RESULTS AND DISCUSSION
Intrinsic antibacterial activity of UV
254nm

The number of organisms surviving UV 254
nm treatment at specified periods of exposure
forboth £. cofi and Staph. aureus were recorded
{Table 1) but for the purposes of this work
survivors were calculated as percentages of the
initial inoculum. The relationship presented as
log % survivors against time of exposure was
found to be sigmoidal (Fig.1). The observed
patternwas strikingly similarto that first reported
by Chick {5] whe used a chemical disinfecting
agent, and for which he applied the classical
equation; .

In N=InN,-KT

whera N_ Is the number of organisms prior to
treatment at zero time; N, number surviving at
any specified time (T) when the death rate is K,
fn the currént work, N was expressed as per-
cenlage as indicated above;

TABLE 1: EHect of UV 234nm on Microolal Survive
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There was death initially of the relatively
less resistant members of the population suc-
ceeded by the more resistant. . In chemical
disinfection the reason offered to explain the
observed slow or rapid death was disparily in
age of cells within the population, 'Inthe current

context, however, il is considered that resis-

tance may not necessarily.be iimited to aga. In
chemical disinfection, the organisms are neary
all completely surrounded by the disinfectant
melecules which presumably have relatively
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easy access to alltarget areas onihe celiwalior
in the cytopiasm. UV radiation on the other
hand, is known fo cause damage to cells by
inducing cross-linking of bases on the genome
(DNA). The time-dependent nature of the proc-
ess (Fig. 1} seems 10 suggest that a number of
UV quanta of energy must necessarity hit the
target sites on the DNA 1o produce effect. Itis
plausible that due 1o the folded three-dimen-
sional struclture of DNA, targeis that are oriented
in different geometrical positions in relation to
the uniplanar flow of radiation, unlike chemical
disinfectant, wouid be destroyed al different
times - the more directly the target is orientated
towards the source, the more rapidly damage
can acour.

Depth of suspension on UV efficiency

The relationship between survivors andtime
was of similar pattern to that recorded earfier in
Fig. 1. The data were computed as death rates
(Table 2}, using the equation above, to reflect
influence of depth andbulk of suspensiontreated
and the effective exposure distance. The dis-
tance between UV light source and the top layer
of the most bulky suspension {12mmdepth) was
closer o the source than the smallest (3mm
depth) yel proximity, contrary to expactation,
offered no practical advantage. Indeed 254nm
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TABLE 2: Influence of Suspension Depth on Biocidal Efficiency
(death rates) of UV 254nm

Suspension UV Distance - Death Rates (% SQC“)
depth (mm) ah E coli Staph. aureus
3 147 0.092 0.040
6 144 0.087 0.040
g 141 0.084 0.033
12 138 0.075 0.028

was found to be more effective in reaching and
kilting a target cell in the smaller-bulk suspen-
sion which was further away from the source
much more readily (deathrate K= 0.092%
sec.-1) than was possible In the more bulky (K =
0.075% sec”), for_E. coli. A similar evidence
was found for Siaph._aureus.

The current chservation appeared to indi-
cate that distance traversed in the liquid mass
had a far greater influence on diminishing the
efficiency of UV radiation than did the same
distance in air within the fimits of the investiga-
tlcm
Osmotic environment on suscepti-

bility of organisms to UV

The lethal efficiency of UV 254nm as influ-
enced by the osmotic environmentwas recorded
and from the survivor-time curves obfained,
death rates werz caloulated {Table 3). E. goli

was found ic be more susceplible than Staph.
aureus a finding consisient with those pre-
sented above (Table 1, 2) in the absence of
sodium chioride.

Qsmotic solutions in combination with chemi-
cal disinfectants are known to be inimical to the
survival of microcrganisms {6] the effect being
attributed 10 celi structure distortions that occur
[7]. While Staph. aufeus is more tolerant of
variations in salt concentrations, E. coli is not,
yet there was no evidence 1o suggest that the
range covered - which reflects both hypo - and
hypertonic solutions had any definitive effect on
the antimicrobial activity of UV 254nm, The
apparent failure of the osmotic factor to exert a
synerstic effact is plausibly that while UV 284nm
by itsell destroys vegetative organisms in atime
scale of seconds, the salt sclutions are far less
draratic in theirdestructive capacity (> 5weeks).
The significantly higher inherent blocidal effi-

TABLE 3: Activity (Death Rates) of UV 254nm Against Organisms
Suspended in Sodium Chloride

Sodium Chioride Death Hales (e Seos)
N E el Staph. aureus’

0 0.090 0.040

0.1 090 0.036

05 084 0.037

0.9 0.082 0.041

15 0.089 0.035

2.0 0.086 0.036
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ciency of 254nm must therefore account for the

complete occlusion of possible contribution by

the ionic environment.

Effect of UV 350nm on 254nm injured

organisms

Apopulation of organisms exposedtc radia-
tion at 254nm for a period within which 50%
approximately is Killed (LT,_) would contain in
addition to the dead, moribund organisms at
various stages of death. The results obtained
when the damaged cells were subjected to
350nm radiation {Fig.2) indicated that there was
the potential for revitalization of some injured
cells as reflected by the increaseinnumber. The
work therefore collaborated the observation of
an earlier work [8].
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Reaclivation of injured organisms subjected
to 350nm radiation has been atiribuled to a
repair mechanism that involves the synthesis
ard insertion of new nucleotides in place of
damaged units by special enzymes e.g. DNA-
synthelase, DNA-ligase efc [9,10). The current
work, however showed-reactivationto be only a
limited phenomenon, The maximum reactiva-
tien recorded was 2.4% for Staph aureus, and
3.5%for E. coliwhich suggests that less than 5%
of the survivars had their polynucleolide struc-
lura (DNA) sufficiently restored by repair activity
forthemto undergo sustained growth and multi-
plication.

Further observation revealed that the lim-
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ded reactivation ¢f under 350nm treatment was
shon-lived as it was soon superseded by a
definite and persistent decline, Persistent in-
vestigalion subsequently estibiished 350nm
ilselt to be distinclly, though weakly, biocidal, its
lethal efficiency in terms of death rale being
0.107% hi'  tor E. cofi and 0.08% hr | for
Slaph gureys, theoretically, a relatively mild
effecl in comparison with that of 264nm.

The two observations namely revitalization
and antagonism both associated with 350nm
are apparently contradictory but an explanation
may lie with the nature of the repair enzymes
and of UV 350nmthemselves. Repair enzymes
would not ordinarily be present as a constitutive
part of a normal intact cell; more likely, they are
synthesized or activated from dormant precur-
sors by the influence of UV 350nm as adaptive
enzymes when an exigency of cell damage
exists. Indeed, that only injured organisms
subjected to 350nm as opposed to those indark
storage were the oniy ones revilalized seems
sufficient evidence for suggesting a positive role
for350nm in stimulating repair enzymes, whether
UV 350nm acting alone on healthy cells would
accelerate DNA synthesis and therefore cell
multiplication is not clear; it does however ap-
pear that even if it acls in both capacities
simultaneously, its destructive effect would
eventually prevail, This may offer a plausible
reason for the brief period of revitalization and
ultimate decline. !

The continued death of injured organisms in
dark storage is evidence that survivors, when
irreversibly damaged would die off even in the
absence of a lethal agent such as 350nm.

CONCLUSION

Exposed to ultra violet radiation {254nm)
some organisms died quickly and others later.
While a similar observation inchemical diginfec-
tion is usually attributed to resistance due to
age, it is congeivable that in addition to the
reason offered, accessibility of radiation to sus-
ceptible target points on a genome (DNA) which
is convoluled may be significant.

Radiation was highly effeclive but its effec-
tiveness tendedto diminish rapidly with increase
in bulk of material exposed. A practical advan-
tage could be derived of this for sterile pharma-
ceutical dosage forms that are often presented
in small packs such as vaccines and antitoxic
sera; since time of contact would be brief with
little or no heat generated that would adversely
aftect these heat-liable biotogical products, they
would be sterilized safely and economically.

The high intrinsic sterilization activity of UV
254nmobliterated any contrbutory effect due to
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anionic environment that was co-jointly applied.
it might imfutuza be of interest to examine what
eliactthe presence of known antimicrobial agent
would have onthe intrinsic activity of UV 254nm.

The reported resuscitation of radiation-in-
jured cells by the application of ultra violel radia-
tion 350nm was found to be only a timited
phenomenon among a few survivors which had
not been permanently damaged. Presumably
enzymes that were elaboraled to repair dam-
aged target structures under the influence of
350nm did not match the mild but nonetheless
antagenistic fendency ot this same radi ation.
The import of this observation might probably be
that vaccines containing living (modified) organ-
isms e.g0. Mycohacteriumiuberculosis (Bacillus-
Calmette-Guerin Vaccine, B.P.) stand no risk of
reactivationoncasual exposure to daylightduring
use.
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