
EFFECTS OF NEAR-ULTRAVIOLET IRRADIATION ON GROWTH
AND OXIDATIVE METABOLISM OF BACTERIA

E. R. KASHKET' AND A. F. BRODIE2
Department of Bacteriology and Immunology, Harvard Medical School, Boston, Massachusetts

Received for publication December 4, 1961

ABSTRACT

KASHKET, E. R. (Harvard Medical School,
Boston, Mass.) AND A. F. BRODIE. Effects of
near-ultraviolet irradiation on growth and
oxidative metabolism of bacteria. J. Bacteriol.
83:1094-1100. 1962.-The effects of irradiation
with near-ultraviolet light (360 m,u) have been
studied with Escherichia coli W and a strain of
Pseudomonas aerufinosa. The growth of the
aerobe P. aeruginosa was inhibited by light on
minimal salts media containing succinate,
glutamate, or glucose as sole carbon sources.
The facultative anaerobe E. coli was capable of
growth under irradiation on a fermentable
carbon source, such as glucose, but with a
smaller yield of cells on limiting substrate, as
compared to unirradiated control cultures. The
rate of growth of aerobic irradiated cells on
glucose was equal to that of anaerobic growth on
that carbon source, and there was a greater
accumulation of end products of glucose catab-
olism aerobically in the light as compared to
dark controls. When irradiated in media con-
taining carbon sources from which energy was
obtainable only by oxidative phosphorylation,
such as succinate or malate, E. coli cells were
still capable of oxidizing these substrates but
could not grow on them. This bacteriostatic
effect of 360-mu light could be reversed by the
addition of glucose, which resulted in the growth
of irradiated cells. Visible (400 to 600 m,u) light
was found to have no effect. Irradiated E. coli
cells in succinate were found to contain no
naphtho- or benzoquinones, compounds which
are more sensitive to 360-m,4t irradiation than
other components of the respiratory chain. It is
suggested that the effect of 360-m,u light on
whole cells is the destruction of light-sensitive
components, such as the benzoquinone Q8 and
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naphthoquinone K2C45 of E. coli W, which are
essential for obtaining energy from oxidative
metabolism.

Quinones, found in a great variety of organisms
(Lester and Crane, 1959; Page et al., 1960), have
been established as participating in the oxidative
metabolism of bacteria (Brodie and Ballantine,
1960), mammals (Morton, 1960; Crane, 1960;
Green, 1960; Martius, 1960; Redfearn, 1960),
and plants (Bishop, 1960; Krogmann, 1961).
These compounds can be destroyed in bacterial
extracts by irradiation with light at 360 mA
(Brodie, Weber, and Gray, 1957) without
affecting the structural integrity of enzyme
complexes which are essential for coupling
phosphorylation to oxidation.
Treatment of intact bacteria with light at this

wave length should result in lesions in oxidative
metabolism and should be reflected by altera-
tions in the pathways of energy metabolism.
Thus, growth of strictly aerobic organisms
should be inhibited by irradiation. Facultative
organisms should be unable to grow in light in
media with carbon sources from which energy
is obtainable only by oxidation, but they should
grow on fermentable substrates such as glucose.
The unavailability of energy from oxidative
metabolism during irradiation should alter the
rate of aerobic growth on glucose, the yield of
cells on limiting quantities of this substrate,
and the end products of glucose catabolism.
In addition, when cells are irradiated in media
with succinate or malate, they should exhibit
alterations in the oxidation of these compounds.
In the present communication, the effects of
light at 360 m,u on the growth and metabolism
of bacterial cells have been compared under
conditions of fermentation and those of oxidative
catabolism. Preliminary reports have appeared
elsewhere (Brodie, 1959; Kashket and Brodie,
1960).
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MATERIALS AND METHODS

The bacteria used in this study were Escherichia
coli strain W and a strain of Pseudomonas
aeruginosa given to us by R. Leavitt. The bac-
teria were grown in a liquid medium to ex-

ponential phase, harvested, washed, and samples
transferred to 250-ml Erlenmeyer flasks with
side arms containing 20 ml of fresh medium of
the same composition. The growth of the cultures
was measured at intervals during aerobic incu-
bation at 37 C by following the increase in
optical density in a Klett-Summerson color-
imeter (no. 42 filter). Dry weights of E. coli cells
were calculated from optical density values,
with reference to a standard curve.

A minimal salts medium (Moyed, 1960) was

used for the growth of E. coli cells with 0.5%
glucose, 0.5% succinate, or 0.5% malate as the
sole carbon and energy source. The P. aeruginosa
cells were grown on a medium consisting of 0.2%
K2HP04, 1% (NH4)2S04, 0.08% MgSO4 .7H20,
0.04% NaCl, 0.004% FeS04-7H20, and 0.01%
MnSO4 .4H20, supplemented with 1% sodium
glutamate, 0.5% glucose, or 0.5% succinate.
Viability counts were determined by plating on

agar plates consisting of Bacto-Tryptone Glucose
Extract Agar (Difco).
The cultures were irradiated by placing an

8-w black Raymaster type B lamp (maximal
emission, 360 m,u) in a standard shaking ap-

paratus. Each lamp was used for not more than
20 hr, as its effect was found to diminish after
longer use. The flasks were clamped at a distance
of 2 cm from the lamp, and the unirradiated
control flasks were wrapped in aluminum foil.
The shaker was placed in an incubator (37 C),
and a fan was used to keep the temperature
constant. Visible light was provided bv a General
Electric Davlight 8-w lamp in the same position.
Irradiation of nongrowing whole cells was carried
out by a 100-w Uvilux (Burton Manufacturing
Co., Santa Monica, Calif.) black light (bulb no.

BU-104; maximal emission, 366 m,u).
Glucose utilization was measured enzymatic-

ally by the Gluostat (Worthington Biochemical
Corp., Freehold, N.J.) method, and lactate
accumulation by the method of Barker and
Summerson (1941). The oxidation of succinate
and malate by the E. coli cells was measured by
conventional manometric techniques in a War-
burg apparatus at 30 C. Benzoquinone was

extracted from the cells and its concentration

measured spectrophotometrically (Pumphrey
and Redfearn, 1960). Flavin concentrations
were measured by the method of Burch, Bessey,
and Lowry (1948).

RESULTS

E. coli. The facultative organism chosen to
test the effects of light on growth was E. coli WV.
Cells previously grown aerobically on glucose
were transferred to a glucose-containing minimal
medium and aerated in the presence and absence
of light at 360 m,. Cells grew faster in the dark
than when irradiated during incubation (Fig. 1).
Viable counts confirmed the increase in the
number of cells. With succinate as the carbon
source, however, succinate-adapted E. coli cells
grew in the dark after a short lag, but failed
entirely to grow under irradiation. When glucose
was added to such an arrested culture, either at
4 or 24 hr after cessation of growth, growth
resumed and usually exhibited a rate charac-
teristic of irradiated cells growing on glucose.
Further evidence that irradiated cells in a
succinate medium are viable was obtained by
plate counts (on tryptic digest agar, taken
before and after light treatment), which re-
vealed a slight increase in the number of cells
undetectable by turbidimetry. Similar cessation
of growth was observed when E. coli cells were
irradiated in a malate medium. Such cultures
also resumed growth in the light when glucose
was added.

Irradiation of E. coli cells in succinate with
visible light (400 to 600 m,) did not affect the
growth of these organisms nor did it have any
effect on cells previously irradiated at 360 m,u
in the same mediumii.

Although E. coli cells remained viable after
light treatment (360 m,u) in succinate medium,
the effect of light on succinate utilization for
growth appears to be irreversible over the period
measured. No growth was observed when ir-
radiated E. coli cells in succinate medium were
placed in the dark (Fig. 2). However, when such
cells were allowed to double by the addition of
glucose, while still being irradiated, growth on
succinate in the dark resumed, but only after
an extended lag period (Fig. 3). Control un-
irradiated E. coli cells, after growth in glucose,
exhibited a lag required for adaptation to suc-
cinate. The increased lag of irradiated cells
suggests that resynthesis of light-sensitive
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FIG. 1. Comparison of the growth of irradiated and unirradiated Escherichia coli W in gluicose and suc-

cinate minimal media.

components essential for growth on succinate
can take place if the cells are provided with
energy and possible precursors derived from
glucose. The length of the lag period was de-
pendent upon the duration of prior irradiation
of the cells in succinate (Table 1).

P. aeruginosa. Since light at 360 m,u affects
oxidative metabolism, a strict aerobe was incu-
bated in the presence and absence of light. P.
aeruginosa, which is incapable of fermenting
glucose (Lockwood, Tabenkin, and Ward, 1941),
failed to grow during irradiation in glucose
(Fig. 4), succinate, or glutamate-containing
media. These results were anticipated, since
these organisms can obtain energy only from
oxidative metabolism.

Biochemical studies. Since these results indi-
cated that the utilization of the aerobic pathways
for energy metabolism could be blocked effec-

tively by light without interfering with anaerobic
catabolism, the fermentative and oxidative
pathways after light exposure were examined.
With a limiting amount of succinate as sub-

strate, E. coli cells grown in a succinate-con-
taining medium in the dark were able to oxidize
about 65% of the available substrate and to

42
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FIG. 2. Effect of reversal of light and dark condi-
tions. Escherichia coli W, previously grown in succi-
nate minimal medium, was transferred into similar
medium. Two cultures were irradiated and two
wrapped in aluminum foil. After 2 hi-, one of the
irradiated flasks was wrapped in foil and one of the
unirradiated cultures was exposed to light at 360 m,.

assimilate the remainder (Fig. 5). The addition
of 2,4-dinitrophenol (DNP) inhibited assimila-
tion, thus increasing oxidation almost to the
theoretical values. Irradiated cells, although
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FIG. 3. Reconstitution of ability of irradiated cells of Escherichia coli W to grow in succinate. A culture
of E. coli was irradiated in succinate medium, as in Fig. 1. After cessation of growth (210 min), glucose was
added and the cells allowed to double, still in the light. The cells were harvested, washed twice with distilled
water, and resuspended in succinate medium in the dark. An unirradiated control culture was treated simi-
larly.

unable to use succinate for growth, were still
capable of oxidizing this substrate, but more

slowly. This oxidation differed from that of
cells grown in the dark in that assimilation did
not occur, since oxidation was unaffected by the
presence of DNP. The oxidation of malate by
cells irradiated in a malate-containing medium
was similarly affected.
To determine whether irradiation of E. coli

in glucose-containing media alters the pattern
of energy metabolism, glucose utilization and
lactate production by irradiated and unirradiated
cells were measured. Glucose consumption was

nearly equal in irradiated (263 Amoles/mg dry
wt) and unirradiated cells (260 ,moles/mg dry
wt), both cultures consuming 80% of the initial
glucose (Table 2). However, the irradiated
bacteria accumulated more lactate than the
unirradiated control cells (Table 2). When
light-treated cultures had reached the stationary
phase, 7.2% of the supplied glucose was recovered
as lactate, as compared to 2.5% with unirradiated
controls. The extent of accumulation of lactate
did not approach that of anaerobically growing
E. coli, where up to 44% of supplied glucose is
recovered as lactate (Stephenson, 1950). This
may be a reflection of the capacity of irradiated
cells to oxidize end products of glucose me-

tabolism further.
With limiting concentrations of glucose,

light-treated E. coli cells grew aerobically to a

lower density than unirradiated aerobic control
cultures. The yield of irradiated cells (dry wt/

TABLE 1. Adaptation of Escherichia coli W to growth
on succinate after light treatment (360 m,u)*

Irradiation Lagt

min min

100 45
210 120
320 160

* The conditions were the same as in Fig. 3. The
duration of irradiation of E. coli W cells in succi-
nate medium was varied. After light treatment,
the cells were grown for one generation on glucose
in the light, and then transferred to succinate-
containing medium in the dark. The lag in resump-
tion of growth in succinate was measured.

t Corrected for lag of unirradiated controls.

unit volume of culture) was 14.5% less than
dark controls at glucose concentrations of 0.03
and 0.1%. The rate of growth of irradiated
aerobic cells was found to equal that of anaero-
bically growing cells (doubling time: 94 min),
both rates being slower than that of unirradiated
aerobically growing cultures (doubling time:
63 min). These data support the conclusion that
irradiated E. coli cells cannot obtain energy
from oxidative metabolism, whether in glucose,
succinate, or malate-containing media, and that
in glucose media they are capable of growth
because energy is available from fermentation.

E. coli W cells contain both a benzoquinone,
Q8, and a naphthoquinone, K2C45 (Lester and
Crane, 1959; Kashket and Brodie, 1960; Brodie,
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the presence of the benzoquinone Q8 in un-
irradiated cells and its absence in light-treated
cultures. The effect of 360-m, light on quinones
and flavins was observed during irradiation of a
large number of cells grown in malate and
harvested during exponential growth (Table 3).
Under these conditions, the benzoquinone
content was diminished by 83.4% while the
flavin adenine dinucleotide (FAD) concen-

601 TABLE 2. Effect of irradiation (360 m,u) on glucose
0 2 3 4 5 utilization and lactate production by Escherichia

T I M E (HRS.) coli W*

FIG. 4. Effect of light at 360 m,u on the growth of
Pseudomonas aeruginosa in minimal media con-

taining glucose as the sole carbon and energy source.
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FIG. 5. Oxidation of succinate by light and dark
grown cells. Cells of Escherichia coli W were irradi-
ated and grown in succinate minimal medium for 5
hr, as in Fig. 1. After harvesting and washing twice
with distilled water, the cells were tested at 30 C for
ability to oxidize succinate (5,umoles) in the presence
and absence of 1 X 10-4M DNP. Each vessel con-

tained 3.9 X 103 mg (dry wt) of bacteria.

1961), in concentrations compatible with function
in oxidative metabolism. The naphthoquinone is
more sensitive to light at 360 m, than the
benzoquinone, both in pure solution (Brodie,
1962) and in cell-free extracts of E. coli (Kashket
and Brodie, 1961). Cultures of E. coli in suc-

cinate minimal medium, used in growth studies
(Fig. 1), on lipid extraction yielded solutions too
dilute for colorimetric determination of quinones;
however, ultraviolet-absorption spectra indicated

Irradiated Unirradiated

Time Dry Glucose Lactate Dry Glucose Lactate
weight consump- accumu- weight consup- accumnu-

tion lation tion lation

min Ag jAmoles pmoles jAg jumoles gmoles

O 1.9 0 0 1.9 0 0
210 34.3 4.1 0 67.4 11.9 0.3
225 - 83.8 20.1 0.5
315 76.1 15.8 0.5 104.4 27.5 0.7
375 96.9 25.2 1.8 - - -

* E. coli W cells were grown aerobically in 10 ml
of minimal medium (0.3% glucose) as in Fig. 1. At
intervals the optical densities of the cultures were
measured and 1-ml samples removed. These were
centrifuged to remove the cells, and the superna-
tants fluids were analyzed for glucose and lactate.

TABLE 3. Effect of 360-miA irradiation on the
benzoquinone and flavin content of Escherichia

coli W*

Irradiation Respiratory component (mumoles/mg dry wt)
(360 m;L) Benzoquinone FAD FMN

min

0 84.2 1.83 9.69
45 59.8 2.34 8.73
60 36.4 2.15 8.55
75 14.0 2.19 7.31

%O Loss, 83.4 0 24.6

* E. coli W cells were grown in malate to expo-
nential phase, harvested, washed, irradiated
while suspended in 20 ml of water (0.89 mg dry
wt/ml) and mixed in an open 400-ml beaker in an
ice bath. A 100-w Uvilux black light (maximal
emission: 366 mIA) was placed 16 cm from the cell
suspension. At various intervals, samples of cells
were removed for benzoquinone, FMN, and FAD
analysis. The naphthoquinone concentration was
too low for measurement.
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tration was not lowered and riboflavin 5'-
phosphate (FMN) diminished by 24.6%. The
cytochrome pigments are not affected by exposure
to light at this wave length (AVeber, Brodie, and
Merselis, 1958). Thus, the quinones appear to
be the most light-sensitive respiratory com-
ponent examined.

DISCUSSION

Oxidative pathways of energy metabolism
include components sensitive to irradiation at
360 m,. This is demonstrated by the absence of
growth of the aerobe P. aeruginosa under ir-
radiation in succinate, glutamate, or glucose
minimal salts media. The facultative bacterium
E. coli W failed to grow w'hen irradiated under
conditions in which energy was obtained only by
oxidative phosphorylation, while growth took
place in the presence of a fermentable carbon
source. The alteration in the biochemical proper-
ties of light-treated E. coli cells, such as the
uncoupled nature of succinate oxidation, and
the slowing of growth on glucose to the rate
characteristic of anaerobiosis, indicate the vital
role of light-sensitive components in oxidative
metabolism.
The effect of irradiation with near-ultraviolet

(360 mA) light radically differed from that of
far-ultraviolet (253.7 m,) light (Hollaender,
1943). In the present studies, the former produced
no lethal effects on the facultative anaerobe E.
coli WV, the cessation of growth under irradiation
on succinate or malate being bacteriostatic.
Far-ultraviolet irradiation is bactericidal (Gates,
1929) and mutagenic (Henri, 1914), producing
effects some of which can be partially reversed
by irradiation with visible light (Kelner, 1949;
Zelle and Hollaender, 1955). It is interesting
that 360-m, light was found most effective in
reversing far-ultraviolet mutagenesis and killing
(Newcombe and Whitehead, 1951). As their
irradiation with 365-mA light was effective in as
short a time as 2 min, it is difficult to interpret
their results in the light of the present findings
with 360-m, irradiated E. coli cells. Such a
short time of exposure to light at 360 mA would
not be sufficient to affect the quinones. Visible
light (400 to 600 mg) was found to have no
effect on 360-mg irradiated E. coli WXV.

Likely candidates for light-sensitive com-
ponents in the oxidative metabolism of bacteria
are the quinones and the flavins. Irradiation of

E. coli extracts with light at 360 m,u inhibits
both phosphorylation and oxidation, with a
concomitant loss of quinones from the prepara-
tion (Kashket and Brodie, 1961). Lipid extraction
of cell-free extracts, which removes the quinones,
also results in a loss of oxidative activity. The
absence of quinones in nongrowing E. coli cells
irradiated in succinate media and their presence
in growing unirradiated control cultures, to-
gether with the greater sensitivity of quinones
to irradiation as compared to other components
of the respiratory chain, suggest that inhibition
of growth of whole cells by 360-mu light is due
to the destruction of quinones. Thus, quinones
seem to play a role in oxidative metabolism in
growing whole cells, as well as functioning
catalytically in cell-free extracts.

ACKNOWLEDGMENT

This investigation was supported by a research
grant (E-2674) from the Institute of Allergy and
Infectious Disease, U.S. Public Health Service.

LITERATURE CITED

BARKER, S. B., AND W. H. SUMMERSON. 1941. The
colorimetric determination of lactic acid in
biological materials. J. Biol. Chem. 138:
535-554.

BISHOP, N. E. 1960. The possible role of plasto-
quinone (Q-254) in the electron transport
systems of photosynthesis, p. 385-403. In G. E.
W. Wolstenholme and C. M. O'Connor [ed.],
Quinones in electron transport. Ciba Founda-
tion Symposium, Little Brown & Co., Boston.

BRODIE, A. F. 1959. Altered pathways of energy
transfer in light-grown bacteria. Bacteriol.
Proc., p. 51.

BRODIE, A. F. 1961. Vitamin K and other quinones
as coenzymes in oxidative phosphorylation in
bacterial systems. Federation Proc. 20:
995-1004.

BRODIE, A. F. 1962. Isolation and photoinactiva-
tion of quinone coenzymes. In S. P. Colowick
and N. 0. Kaplan [ed.], Methods in enzymol-
ogy, vol. 6, Academic Press, Inc., New York.

BRODIE, A. F., AND J. BALLANTINE. 1960. Oxida-
tive phosphorylation in fractionated bacterial
systems. II. The role of vitamin K. J. Biol.
Chem. 235:226-231.

BRODIE, A. F., M. M. WEBER, AND C. T. GRAY.
1957. The role of vitamin K, in coupled phos-
phorylation. Biochim. et Biophys. Acta 25:
448-449.

BIJRCH, H. B., 0. A. BESSEY, AND 0. H. LOWRY.
1948. Fluorometric measurements of riboflavin

19621 1099



KASHKET AND BRODIE

and its natural derivatives in small quantities
of blood serum and cells. J. Biol. Chem. 175:
457-470.

CRANE, F. L. 1960. Isolation and characterization
of the coenzyme Q (ubiquinone) group and
plastoquinone, p. 36-75. In G. E. W. Wolsten-
holme and C. M. O'Connor [ed.], Quinones in
electron transport. Ciba Foundation Sympo-
sium, Little Brown & Co., Boston.

GATES, F. L. 1929. A study of the bactericidal ac-
tion of ultraviolet light. J. Gen. Physiol. 13:
231-248, 249-260.

GREEN, D. E. 1960. Coenzyme Q and electron
transport, p. 130-159. In G. E. W. Wolsten-
holme and C. M. O'Connor [ed.], Quinones in
electron transport. Ciba Foundation Sympo-
sium, Little Brown & Co., Boston.

HENRI, V. 1914. Etude de l'action m6tabiotique
des rayons ultraviolets. Production de formes
de mutation de la bacteridie charbonneuse.
Compt. rend. 158:1032-1035.

HOLLAENDER. A. 1943. Effect of long ultraviolet and
short visible radiation (3500-4900 A) on
Escherichia coli. J. Bacteriol. 46:531-541.

KASHKET, E. R., AND A. F. BRODIE. 1960. Benzo-
and naphthoquinones in Escherichia coli.
Bacteriol. Proc., p. 166.

KASHKET, E. R., AND A. F. BRODIE. 1961. Oxida-
tive phosphorylation with extracts of Escheri-
chia coli. Bacteriol. Proc., p. 168.

KELNER, A. 1949. Photoreactivation of ultra-
violet-irradiated Escherichia coli with special
reference to the dose-reduction principle and
to ultraviolet-induced mutation. J. Bacteriol.
58:511-522.

KROGMANN, D. W. 1961. A requirement for plasto-
quinone in photosynthetic phosphorylation.
Biochem. Biophys. Research Communs. 4:
275-277.

LESTER, R. L., AND F. L. CRANE. 1959. The natural
occurrence of coenzyme Q and related com-
pounds. J. Biol. Chem. 234:2169-2175.

LOCKWOOD, L. B., B. TABENKIN, AND G. E. WARD.
1941. The production of gluconic acid and 2-
ketogluconic acid from glucose by species of
Pseudomonas and Phytomonas. J. Bacteriol.
42:51-61.

MARTIUS, C. 1960. Recent investigations on the
chemistry and function of vitamin K, p. 312-
320. In G. E. W. Wolstenholme and C. M.
O'Connor [ed.], Quinones in electron trans-
port. Ciba Foundation Symposium, Little
Brown & Co., Boston.

MORTON, R. A. 1960. Isolation and characteriza-
tion of ubiquinone (coenzyme Q) and ubichro-
menol, p. 5-25. In G. E. W. Wolstenholme and
C. M. O'Connor fed.], Quinones in electron
transport. Ciba Foundation Symposium,
Little Brown & Co., Boston.

MOYED, H. S. 1960. False feedback inhibition:
inhibition of tryptophan biosynthesis by 5-
methyltryptophan. J. Biol. Chem. 235:1098-
1102.

NEwcOMBE, H. B., AND H. A. WHITEHEAD. 1951.
Photoreversal of ultraviolet-induced muta-
genic and lethal effects of Escherichia coli. J.
Bacteriol. 61:243-251.

PAGE, A. C., JR., P. GALE, H. WALLICK, R. B.
WALTON, L. E. MCDANIEL, H. B. WOODRUFF,
AND K. FOLKERS. 1960. Coenzyme Q. XVII.
Isolation of coenzyme Qlo from bacterial
fermentation. Arch. Biochem. Biophys. 89:
318-321.

PUMPHREY, A. M., AND E. R. REDFEARN. 1960. A
method for determining the concentration of
ubiquinone in mitochondrial preparations.
Biochem. J. 76:61-64.

REDFEARN, E. R. 1960. The possible role of ubi-
quinone (coenzyme Q) in the respiratory
chain, p. 346-358. In G. E. W. Wolstenholme
and C. M. O'Connor [ed.], Quinones in elec-
tron transport. Ciba Foundation Symposium,
Little Brown & Co., Boston.

STEPHENSON, M. 1950. Bacterial metabolism, 3rd
ed., p. 77. Longmans, Green and Co., London.

WEBER, M. M., A. F. BRODIE, AND J. E. MERSELIS.
1958. Possible role for vitamin K in electron
transport. Science 128:896-898.

ZELLE, M. R., AND A. HOLLAENDER. 1955. Effects
of radiation on bacteria, p. 365-430. In A.
Hollaender [ed.], Radiation biology, vol. 2.
McGraw-Hill Book Co., New York.

1100 [VOL. 83


