
3 -7/

THE EFFECT OF LIGHT ON CAROTENOID SYNTHESIS

IN CORYNEBACTERIUM 7EIC

THESIS

Presented to the Graduate Council of the

North Texas State University in Partial

Fulfillment of the Requirements

For the Degree of

MASTER OF SCIENCE

By

George R. Endicott, B. S.

Denton, Texas

May, 1977



Endicott, George R., The Effect of Light on Carotenoid

Synthes-is in Corynebacterium 7EIC. Master of Science

(Biology), May, 1977, 39 pp., 1 table, 9 illustrations,

bibliography, 48 titles.

The effects of light, light "mimicking" chemicals, and

protein synthesis inhibitors on the photoinduced caro-

tenogenesis of Corynebacterium 7EIC were studied.

Changes in the dosage of fluorescent light applied to

dark grown cells showed a dose related carotenogenic

response. Maintaining the same dosage but varying the wave-

length of monochromatic light revealed that light with a

wavelength of 280 to 450nm was responsible for photoinduction.

It further showed a peak of photoinduction between the wave-

lengths of 370 and 430nm.

The light "mimicking" chemicals antimycin A and

p-Chloromercurybenzoate were shown to have no light

"mimicking" effects.

The transcriptional inhibitor of protein synthesis

actinomycin D partially inhibited, and chloramphenicol a

translational inhibitor, completely inhibited photoinduced

carotenogenesis.
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INTRODUCTION

Carotenoids are pigments which are found in animals,

plantsand microorganisms. They are tetraterpenes con-

taining eight isoprenoid units usually composed of 40

carbons. The two basic types of carotenoids are carotenes,

which are hydrocarbons, and xanthophylls, which are oxy-

genated carotenes (23).

The function of these pigments in non-photosynthetic

photochromogenic microoorganisms is still not clear.

Kunisawa and Stanier (26), working with Corynebacterium

poinsettiae, and Mathews (28), working with Mycobacterium

marinum, both postulated that carotenoids protect against

photoxidation which results in photodynamic death. Wright

and Rilling (46), who found the same type of protection in

an unknown species of Mycobacterium, proposed two possible

mechanisms for carotenoid protection from photodynamic

death. In the first, the photoinduced pigment acts as a

shading pigment, which reduces the intensity of light

resulting in a reduction of the concentration of lethal com-

pounds produced by white light. In the second, one or more

of the photoinduced pigments are involved in a metabolic

pathway which results in the inhibition of formation of

lethal compounds. In contrast to the above findings,
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Schwartzel and Cooney (38) showed that the pigment in

Micrococcus roseus had no effect against photodynamic

killing.

The process of photoinduction of pigment production has

been studied in photochromogenic microorganisms since the

late 1800's. In 1887, Prove (31) first noted that exposure

to light resulted in increased production of carotenoids in

Micrococcus ochrolucus. This discovery was overlooked until

1938 when Baker (1) rediscovered the same phenomenon in an

acid-fast bacterium. Since that time, other non-photo-

synthetic microorganisms have been found which show increased

amounts of carotenoid synthesized when exposed to light. A

partial list of these organisms can be found in table I.

The photoinduction of carotenogenesis in several of

the non-photosynthetic microorganisms has been studied in

detail. In 1954 Zolocar (47) showed that the process of

photoinduced carotenogenesis in Neurospora crassa involved

two steps: a light-dependent photoinduction reaction and a

light-independent dark reaction. The dark reaction was

shown to consist of a series of enzymatic steps that

resulted in carotenoid production.

The photoinduction reaction has been shown to require

the presence of oxygen and to be temperature-independent.

In 1949, Haxo (18) showed oxygen to be required in both the

light and dark reactions of N. crassa. He also demonstrated

that the light reaction was temperature-independent and
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TABLE I

NON-PHOTOSYNTHETIC PHOTOCHROMOGENIC MICROORGANISMS

Microorganism Reference

Cephalosporium diospyros 10

Dacropinax spathularia 14

Flavobacterium dehydrogenans 42

Fusarium aquaeductuum 35

Fusarium oxysporum 8

Leptosphaeria michotti 23

Mycobacterium sp. 36

Mycobacterium balnei 41

Mycobacterium flavum var. methanicum 30

Mycobacterium kansasii 40

Mycobacterium lacticolum 29

Mycobacterium marinum 27

Mycobacterium rubrum 28

Myxococcus flavus 15

Myxococcus virescens 15

Myxococcus xanthus 6

Neurospora crassa 44

Pyronema confluens 9

Syzygites megalocarpus 43
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proposed that it was a photochemical oxidation. Similar

findings and conclusions have been reported for a Myco-

bacterium sp. (36) and for N. marinum (27).

In 1964, Rilling (37) proposed that either oxygen was

directly involved or it acted as an electron acceptor in

photoinduced carotenogenesis in a Mycobacterium sf2. (37).

He concluded that molecular oxygen was required since; 1)

photoinduction was not inhibited when the electron transport

inhibitor cyanide was added to cultures, 2) photoinduction

does not occur when an electron acceptor was substituted for

oxygen in cultures incubated anaerobically, and 3) cultures

preincubated in oxygen or nitrogen only produced pigment

when they were subsequently gassed with oxygen and exposed

briefly to light. In 1969 Rau (34) conducted similar

experiments with N. crassa and Fusarium aquaeductuum. He

found that partial carotenoid production occurred in both

systems when these organisms were pre-incubated in oxygen

and then exposed to light in a nitrogen atmosphere. This

result implied that oxygen acted as an electron acceptor in

these two systems. However, Howes et al. proposed that

trace quantities of oxygen were probably present in the

media used in Rau's experiments (20). They proposed that

the function of oxygen in M. Marinum and a Mycobacterium

.sp. was to photooxidize a compound which either inhibited

an inhibitor or stimulated the induction of carotenoid

synthesis.
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The specific wavelengths of light responsible for the

induction of pigment synthesis have also been studied. In

1904 Vent (45), using color filters, found the blue portion

of visible light to be the most effective in inducing caro-

tenogenesis in N. crassa. Forty-five years later his work

was confirmed by Haxo (18). In 1955 Zolocar (48) determined

the specific wavelengths of light which induced pigment pro-

duction in N. crassa. His purpose for determining such an

action spectrum was to characterize the photoreceptor

involved in photoinduction. He proposed that the wavelengths

that yielded the greatest response in carotenoid synthesis

would be the ones that were absorbed better by the photo-

receptor. He found a broad peak of photoinduction ranging

from 450 to 480 nm. Since this spectrum was similar to the

absorption spectrum of riboflavin, he proposed riboflavin as

the photoreceptor. The spectrum was also similar to that

of B-carotene, but no B-carotene could be detected in cells

grown in the dark.

In 1976 DeFabo et al. (13) re-determined the action

spectrum for N. crassa over the range of 260 to 800 nm.

They found peaks of increased carotenogenesis in cultures

exposed to wavelengths of 280, 370, 450, and 480 nm.

B-carotene was detectable in cells grown in the dark (dark-

grown cells) and, because of the similarity of its absorption

spectrum to the action spectrum, it was proposed as the

photoreceptor. Porphyrins were ruled out because of the
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absence of photoinduction by light with wavelengths longer

than 520 nm. Flavins were ruled out because they have a

higher relative absorbence in the ultraviolet region than

carotenoids and also because flavins only have one major

absorption peak in the visible light region while caro-

tenoids have two or three peaks. B-carotene was also pro-

posed to be involved in regulation of carotenoid synthesis

in this organism.

The action spectra of photoinduced carotenogenesis have

been determined for six other non-photosynthetic micro-

organisms. Flavins (or carotenoids) have been implicated as

the photoreceptors for two of these: Mycobacterium sp. and

aquaeductuum.

Rilling (37) in 1964 determined the action spectrum for

Mycobacterium sp. over the wavelength range of 360 to 600 nm.

This action spectrum showed two peaks of maximal activity,

one at 365 nm and the other at 460 nm. This spectrum most

resembles the absorbence spectrum of a flavin or carotenoid.

Later that year Batra and Rilling (4) reexamined the action

spectrum for this organism, extending it to 320 nm and

reporting the response in terms of incident quanta instead

of incident energy. The action spectrum obtained confirmed

the belief that a flavoprotein or carotenoid was the photo-

receptor; a flavoprotein was considered more likely to be

the photoreceptor because of the similarity in position and

intensity of the maximum and minimum action spectrum
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responses. This belief was supported by the fact that

photoinduction was inhibited when the dark grown cells were

exposed to light in the presence of hydrogen sulfite, a

compound which reduces flavins.

In 1970 Howes and Batra (21) extended the action

spectrum of Mycobacterium sp. to 250 nm and found peaks at

280, 365, 410, 443, and 465 nm. This action spectrum is

similar to the absorption spectrum of a flavoprotein or a

carotenoid-protein complex. They then isolated a flavin-

like fraction and found that the peaks of absorbence were

similar to the action spectrum. The absorbence spectrum of

carotenoids isolated from dark grown cells did not show

similar peaks, but a carotenoid-protein complex is possible

and cannot be ruled out.

Peaks in the action spectrum of F. aquaeductuum were

found by Rau (32) at 375 and 450 nm, with shoulders from 430

to 440 and from 470 to 480 nm. The absence of photoinduction

above 520 nm led him to propose that a flavoprotein or

carotenoid was the photoreceptor.

Porphyrins, rather than flavins, have been implicated

as the photoreceptor in the following organisms: M.

marimum, Myxococcus xanthus, Mycobacterium kansasii, and

Leptosphaeria michotii.

Mathews (27) found peaks in the action spectrum of M.

marinum at 410 and 439 with minor peaks at 502_, 528, and 560
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nm. Since this action spectrum was similar to that of

cytochromes, he proposed the photoreceptor to be a cyto-

chrome.

In 1964 Batra and Rilling (4) determined the action

spectrum on another strain of M. marinum. They found a

major peak at 404 nm and minor peaks at 493 and 577 nm.

This action spectrum showed photoinduction with light wave-

lengths longer than 520 nm, so a porphyrin containing com-

pound was implicated as the photoreceptor. Howes and

Batra (21) isolated a porphyrin from cells of M. marinum.

The absorption spectrum of this porphyrin was found to be

similar to the action spectrum for this organism. Iden-

tification by Spectrophotometry suggested that the porphyrin

isolated was either mesoporphyrin or coproporphyrin.

Evidence that a porphyrin was involved in the photo-

induction reaction in M. xanthus was provided by Buchard and

Hendricks (7). The action spectrum for this organism showed

a major peak from 405 to 410 nm and minor peaks at 512, 533,

548, 585, and 630 nm. Protoporphyrin IX, isolated from the

cell extracts, had similar absorption peaks.

Two other organisms have been shown to have action

spectra indicative of porphyrin photoreceptors. They are M.

kansasii (11) with peaks at 420, 540, and 650 nm, and L.

michotii (23) with peaks at 460, 495, 560, and 610 nm.

There are two proposed mechanisms of photoinduced caro-

tenogenesis in non-photosynthetic microorganisms, one
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proposed by Batra and Storm (5) and another proposed by

DeFabo et al. (13). Batra and Storm proposed that some

carotenogenic enzymes were missing or were in low concen-

trations and that light caused a photochemical reaction with

oxygen which produced either a stimulator or an inhibitor

of an inhibitor. The action of this compound resulted in

synthesis of mRNA, followed by synthesis of the missing

carotenogenic enzymes. After the initial missing enzymes

were synthesized, the remainder were induced by substrate

induction. The proof they gave for this model was the

inhibition of photoinduced carotenogenesis by inhibitors of

transcription and translation systems in protein synthesis.

DeFabo et al. (13) showed that in N. crassa, B-carotene

was the photoreceptor and proposed that it was responsible

for regulation of carotenogenesis in this system. They

suggested that an isomer of B-carotene acted as a feedback

inhibitor of one of the early control enzymes of the caro-

tenogenic pathway. They also suggested that light directly

photoisomerized the original isomer of B-carotene and that

the new photoisomer either acted directly as an inducer or

behaved as a metabolite of an inducer in the synthesis of

carotenogenic enzymes. This synthesis also was induced at

the transcriptional level according to Subden and Bobowski

(39). They were able to inhibit photoinduced carotenogenesis

with the transcriptional inhibitor, actinomycin D. The
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requirement for protein synthesis at the translational level

had already been shown by Rau (33) in 1967 in his experi-

ments with the translational inhibitor cycloheximid.

In addition to light, certain chemicals have been found

to induce carotenogenesis in dark grown cultures. These

chemicals have been referred to as light mimicking chemicals.

Rau (33) found that para-chloromercurybenozoate and para-

hydroxymercurybenzoate could mimic light in dark grown cul-

tures of F. aguaeductuum. The mechanism for chemical

induction of carotenogenesis has not yet been determined.

The substituted mercury benzoates were tested by Howes and

Batra (21) on Mycobacterium sp. in 1970 and by Batra (5) on

M. marinum. In both cases these compounds were found to be

ineffective at mimicking light. In 1967 Batra (2) discovered

that antimycin A could mimic light in M. marinum cultures

grown in the dark. He further showed that the effects were

additive when these cells were exposed to light, implying

that the sites of induction are different. Howes and Batra

(21) in 1970 showed that antimycin A was not an effective

light mimicker in Mycobacterium sp. In 1975 Jerebzoff-

Quintin (23) showed that antimycin A was able to chemically

induce carotenogenesis in Leptosphaeria michotii.

The work to be described in the study to be reported

was accomplished with the non-photosynthetic microorganism

Corynebacterium 7EIC. Howard (19) has studied the effects
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of various environmental factors on the carotenogenesis of

this organism. She found that oxygen and light affected

carotenoid production. She also demonstrated that oxygen

was required for photoinduction in this system and proposed

that the oxygen was involved in a photochemical oxidation.

Further, she showed that fluorescent light induced more

pigment production in this system than an equal energy dose

of incandescent light. Since fluorescent light contains

shorter wavelengths of light than incandescent light, it was

proposed that the shorter wavelengths were responsible for

photoinduction. My studies were directed towards (i) deter-

mining an action spectrum for this organism, (ii) testing

for the action of light-mimicking agents on dark-grown cul-

tures, and (iii) assessing the effects of transcriptional and

translational inhibitors on photoinduced carotenogenesis.



MATERIALS AND METHODS

Organism. The bacterium used in these experiments,

Corynebacterium 7EIC, was originally described by Kester

and Foster (24). It was isolated on a mineral salts medium,

using propane as the sole carbon and energy source. While

the taxonomic position of this organism is still uncertain,

it shares characteristics with bacteria in the genera

Corynebjcterium, Mycobacterium, and Nocardia.

Culture methods. The medium used in all experiments

was the "L" salts medium described by Leadbetter and Foster

(26), supplemented with 2% glucose, hereinafter referred to

as LSG medium. Slants were made by adding 2% agar to the

medium. Stock cultures were incubated on slants for one to

two weeks at 30 C before being stored at 4 C. A standard-

ized inoculum was prepared by inoculating 50 ml of LSG

medium in 250-ml flasks from stock slant cultures. They

were then wrapped with two layers of aluminum foil, to

exclude light, and incubated 3 to 4 days on a rotary shaker

at a speed of 150 rpm. After this time the culture, which

was in late log phase, was diluted with sterile LSG to an

optical density of 0.3 at 620 nm. This dilution was then

used to inoculate the test flasks to a final inoculation

concentration of 4%. Test flasks were incubated for 7 days

12
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under the same conditions as the seed flasks. At that

time the cultures were in stationary phase; shown in Figure

1. All inoculations were performed under red light. Purity

checks were made on all cultures by microscopic examination

and plates of Tryptic Soy agar (Difco).

Light Exposure. Depending on the experiment, sta-

tionary phase cells were exposed to either fluorescent or

monochromatic light. When exposed to fluorescent light,

they were placed in a clear glass flask on a shaker 27

centimeters below a 30-watt daylight General Electric

fluorescent light. This lamp gave a light intensity of

3x103 ergs/sec./cm2 when measured by an E.E. and G. radio-

meter model #550-1 (E. E. and G. Inc., Salem, Mass.).

The cells were exposed for 24 hours at this light intensity

unless otherwise noted. Cells exposed to monochromatic

light were centrifuged, washed once with LSG, and then

resuspended in one-third the original volume (3X) of fresh

LSG to give a three-fold concentration of the cells. These

concentrated cells were placed in an aluminum foil-wrapped

250-ml flask containing a spinbar. This flask was placed

on a magnetic mixer and stirred at 150 rpm. For exposure

to monochromatic light, 3-ml samples of the concentrated

cell suspensions were placed in a 1 x 1 cm quartz cuvette.

The monochromatic light was provided by a Bausch and Lomb

double grating monochromater fitted with a Bausch and Lomb
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Fig. 1. Growth curve of Corynebacterium 7EIC. The

optical densities were determined by diluting the cell sus-

pensions to densities under 0.4 at 620 nm and then calcu-
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200-watt high-pressure mercury lamp (Bausch and Lomb,

Rochester, New York). During exposure the cells were agi-

tated by a magnetic mixer and aerated with a stream of

humidified air. After light exposure, the cells were placed

in a 50-ml aluminum foil-wrapped flask and diluted to the

original volume with sterile LSG. These flasks were incu-

bated for 24 hours in the dark. All transfers prior to

light exposure were carried out under red light.

Chemical Induction of Carotenogenesis. The chemical

agents used to mimic light were antimycin A and para-chloro-

mercurybenzoate (PCMB). Each of the light mimicking

chemicals was dissovled in ethanol. The desired quantities

of each chemical were pipetted into aluminum foil-wrapped

flasks and the ethanol removed from each flask by evap-

oration with a stream of nitrogen. Then 9-ml of dark-grown

stationary phase cells were placed in each flask, and the

cells were equilibrated with the reagents for one hour at

25C and at 150 rpm. The aluminum foil was then removed from

the flasks containing cells which were to be exposed to

light. All flasks were replaced on the shaker and allowed

to incubate for 24 hours. At the end of this time all

samples were removed from the shaker and assayed for cell

dry weight and pigment content.

Inhibition of Protein Synthesis. The translation

inhibitor, chloramphenicol, and the transcription inhibitor,
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actinomycin D, were added at levels of 75mg/ml and 5mg/ml,

respectively, to stationary phase cells. These concentrations

were the same as those used by Howard (19) and Subden (39).

For these experiments, the inhibitors were first dissolved

in absolute ethanol. The desired quantities were than

pipetted into a aluminum-foil wrapped 50-ml flasks and the

ethanol evaporated in a stream of nitrogen. Nine ml of cell

suspension were added to each flask and the flasks were

incubated in the dark for 1 hour at 25 C on a rotary shaker

set at 150 rpm. After this period of equilibration, the

samples to be exposed to fluorescent light were unwrapped

and exposed for 24 hours to light at an intensity of 3x103

2
ergs/sec/cm2

Extraction of Carotenoids. Cells to be assayed for

carotenoid content were centrifuged at 10,000 rpm for 10

minutes. The supernatant fluid was decanted, 5 ml of carbon

disulfide:methanol (1:5,V/V) were added to the pellet, and

the cells resuspended. After 5 to 10 minutes, the cells

were centrifuged at 6,000 rpm for 10 minutes and the pigment

in the supernatant fluid was decanted into a separate tube.

After this initial extraction, the cells were resuspended in

1 ml of carbon disulfide followed by addition of 4 ml of

methanol to the cell suspension. After 5 to 10 minutes, the

cells were again removed by centrifugation and the super-

natant was added to the original extract. This process was
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repeated until no pigment could be seen in the extract. The

pooled extracts were centrifuged at 10,000 rpm for 10

minutes to remove all cells, The extracts were then adjusted

to a known volume and the pigment content was assayed. In

cases where the extraction could not be carried out imme-

diately, the cells were stored at 4 C in carbon disulfide:

methanol under an atmosphere of nitrogen.

Carotenoid Assay. Carotenoid content was determined by

the formula provided by Davies (13):

A x Vol.

Grams carotenoid =

E1% x 100
cm

where A is the absorbance at 465 nm, Vol., the volume of the

sample,E1cm - 2500, and 100 is the factor needed to change

the extinction coefficient for 1% solution to the absorbance

for 100%. The absorbance was measured at 465 nm since this

is the major absorption peak of the carotenoid mixture pro-

duced by this organism. The carotenoid present was expressed

as ug carotenoid/ mg cell dry weight.

Cell Dy Weight Determination. The cell dry weight for

each sample was determined from a standard curve obtained by

plotting the optical density of the cell suspension at 620

nm versus cell dry weight as shown in Figure 2.
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Fig. 2. Optical density versus cell dry weight of

Corynebacterium 7EIC. The optical densities were deter-

mined by diluting the cell suspensions to densities less

than 0.4 at 620 nm and then calculating the optical density

of the original suspension.



RESULTS

Growth Curve of Dark Grown Corynebacterium species

strain 7EIC in LSG. Growth of this organism in the dark

during a 13-day period is shown on Figure 1. This figure

shows that the organism grows logarithmically for the first

2 days and then begins to enter the stationary phase. How-

ever, the stationary phase of growth is not attained until

the ninth day.

Optical Density Versus Cell Dry Weight of Coryne-

bacterium 7EIC. This experiment was performed so that

optical density measurements could be used for the deter-

mination of cell dry weight. Cells were grown as previously

described to late log phase. Several suspensions of these

cells were made by dilution with LSG. The dilutions made

were 0:7, 1:7, 2:7, 3:7, 4:7, 5:7, 6:7, and 1:1. All these

dilutions had a total volume of 14 ml. The optical densities

were measured by taking absorbance at 620 nm of dilutions of

each cell suspension. The cell dry weights were determined

by taking 10 ml of each cell suspension, washing once, and

resuspending to the original volume in distilled water.

These cell suspensions were then dried at 100C to constant

weight in previously dried and tared aluminum boats. The

results are shown on Figure 2.

19
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Carotenoid Production as a Function of Dose of Fluores-

cent Light. Dark-grown early stationary phase cells were

exposed to different doses of light over a 24 hour period.

The light intensity was kept constant at 3x103 ergs/sec/cm2

and the times of exposure were varied. Each sample was

incubated for a total of 24 hours. This total incubation

time was the sum of the exposure time plus the dark incu-

bation time. Samples were exposed to 0, 1, 2, 7.5, 14 and

24 hours of light. An additional sample was exposed con-

tinuously to light for 48 hours. The results (Figure 3)

show that maximum pigmentation was reached after 14 hours of

light exposure under these conditions; this is equivalent to

8 2
a light dose of 1.5x10 ergs/cm2. The data also reveal that

an hour's exposure to light (1.08x107 ergs/cm2) resulted in

more than 50% of maximal pigment production.

Effect of Cell Concentration on Carotenoid Production.

Since only 3 ml of the cell suspensions were able to be

placed in a 1 x 1 cm cuvette for determination of the action

spectrum, reducing the total volume available for the cells

needed for carotenoid assay, it was necessary to show that

an increase in concentration of cells would not affect the

light-induced carotenoid response. Thus, cells were washed

and resuspended in LSG to 1 X and 3 X concentrations. Two

samples at both concentrations were incubated separately

under either continuous light or continuous darkness for 24
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Fig. 3. Carotenoid production in Corynebacterium

7EIC as a function of time of exposure to fluorescent light.
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hours. The results (Figure 4) show a negligible difference

in total pigment production between the two densities of cells.

Carotenoid Production as a Function of Light Dose at

437 nm. Stationary phase cells, concentrated 3-fold, were

exposed to different doses of light at 437 nm, a wavelength

in the region of maximum output for our light source and

also shown to be effective in the photoinduction of caro-

tenogenesis in other microorganisms. The light doses used

ranged between 0 and 3.6x106 ergs/cm2 Three different

intensities were used with varied exposure times to achieve

the desired doses. This experiment was intended to reveal

whether or not the response was dependent on the light dose

and independent of the intensity and exposure time. Figure 5

shows equal doses of light exposure to give equal pigment

response regardless of differences in intensity and exposure

time. In addition to showing that pigment production is dose

dependent (law of reciprocity), this experiment also shows a

biphasic response rather than a linear response at this wave-

length.

Action Spectrum of Carotenogenesis. Since caroteno-

genesis in this organism is light dose dependent, the action

spectrum was determined by exposing cells to the same dose

over a range of different wavelengths. Dark grown early

stationary phase cells at a 3 X concentration were exposed to

equal doses of monochromatic light ranging from 280 to 600 nm.
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The dose chosen for this experiment (7.2x104) ergs/cm2)

resulted in a substantial amount of photoinduction in the

previous trial. The action spectrum, shown on Figure 6,

indicates poor carotenoid production in cells exposed to

monochromatic light at wavelengths greater than 450 nm.

Maximal responses occurred between 360 nm and 430 nm, with a

significant response extending into the ultraviolet region.

Carotenoid Production as a Function of Light Dose at

400 nm. This experiment was done to determine if a dose

dependent response existed at a wavelength in the region of

the maximal photoinduction. It was conducted in the same

manner as the prior one (437 nm) except that the doses ranged

between 9 and 1.08x105 ergs/cm2 . Figure 7 reveals the same

biphasic response as was found at 437 nm, although at 400 nm

very low doses gave marked responses, e.g., 1.08x105 ergs/

cm2 resulted in 39% of maximal pigment production.

The Effect of Light Mimicking Chemicals on Carotenoid

Production. Since other workers (2, 33) have shown that

antimycin A and PCMB mimic light induction of carotenogenesis,

we were interested in testing these chemicals in our system.

The results of such an experiment (Figure 8) show neither of

these agents to mimic light when added to dark-grown cul-

tures of Corynebacterium 7EIC at levels tried by other inves-

tigators. To the contrary, these data show some inhibition
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of photoinduction by both chemicals on the samples that were

exposed to light.

Effect of Translation and Transcription Inhibitors on

Pigment Production. In order to determine if photoinduced

carotenogenesis in this organism occurred before the trans-

criptional or translational level of protein synthesis, the

effects of chloramphenicol and actinomycin D were tested.

The results in Figure 9 show total inhibition of photoinduced

carotenoid production by the translational inhibitor,

chloramphenicol, and only partial inhibition with the trans-

criptional inhibitor, actinomyc.in D.
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DISCUSSION

Corynebacterium 7EIC has been shown to be a photo-

chromogenic microorganism; that is, light in the presence of

oxygen is required for induction of protein synthesis which

results in increased carotenoid production. These require-

ments are consistent with the findings of both Batra and

Storm (5) and DeFabo et al. (13) and the models of photo-

induced carotenogenesis they proposed. Howard (19) has

shown that the carotenoids recovered from this organism after

exposure to light in the presence of oxygen are more oxidized

than those from dark grown cultures, implying that light

induces the synthesis of those enzymes necessary for oxi-

dation of the more reduced carotenoids. This finding is

consistent with previous work done with other photochromo-

genic microorganisms (37, 16).

Few investigations have been made on the amount of

light necessary for maximum synthesis of carotenoids.

Furthermore, it is difficult to compare the results of

different investigations since different procedures for light

exposure were employed. However, it is possible to compare

the general pattern of photoinduction as a function of

radiant energy dosage. All studies to date have indicated

that the response is dose related up to saturation doses of

31
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light. Our studies show this to be true for Corynebacterium

7EIC (Fig. 3). In addition, we found very low doses of

light to induce carotenogenesis. A total of 1.5x108 ergs/

2
cm of fluorescent light was necessary for maximum pigment

synthesis and 50% of this level could be induced with one-

fourteenth (1.08x107 ergs/cm2 ) of the maximum.

My studies further revealed that equal doses of the

same wavelength of light, regardless of differences in

intensity and exposure times, result in equal responses in

pigment production. The demonstration that the law of

reciprocity is in effect in this system has been found by

others in all systems tested. However, some of my results

differ significantly from those found for other organisms.

For example, exposure of cells grown in the dark to different

doses of light of the same wavelength resulted in pigment

production that is best described by a biphasic curve, with

a fast initial response followed by a slower one (Figs. 5

and 7). Other investigators have found that under similar

conditions with other organisms, pigment production is a

linear function of light dose up to light saturation (48,

37, 32, 27, 7, 11, 5). If the curves obtained with mono-

chromatic light are extrapolated, the dose needed to obtain

maximum pigmentation is found to be 6.3x105 ergs compared to

1.5x108 ergs needed with white light. This indicates that

only one wavelength of light is necessary for maximum

induction of carotenogenesis.
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The action spectrum for the corynebacterium of these

investigations differs from those for many other bacteria.

For example, no photoinduction was found with wavelengths

longer than 450 nm, thereby ruling out porphyrins, which

absorb wavelengths longer than 520 nm, as the photoreceptor

in our system. Because of the lack of photoinduction between

450 and 500 nm, neither a flavin nor a carotenoid can be

implicated as the photoreceptor. However, the photoinduction

of carotenogenesis by light at 280 nm implies that some type

of protein complex may be acting as the photoreceptor. It

should be noted that photoinduction has been shown to occur

at 280 nm in N. crassa (13) and Mycobacterium sp. (21).

Chemical induction of carotenogenesis has been shown to

take place in dark-grown cultures of Corynebacterium 7EIC by

Howard (19). She showed that dark-grown cultures grown to

stationary phase in LSG could be induced to produce caro-

tenoid by transferring them into Trypticase Soy Broth. This

demonstration of chemical induction encouraged me to test

known chemical inducers. The chemical agents known to mimic

light in other photochromogenic microorganisms are PCMB,

which mimics light in F. aquaeductuss (33), and antimycin A,

which mimics light in both M. marinum (2) and L. michotti

(23). In my system, we were unable to demonstrate induction

with either of these light mimicking agents. A similar

finding was reported by Batra (21) in his work with a

Nycobacterium sp_.
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Further, Howard (19) has shown that protein synthesis

is required for photoinduced carotenogenesis to take place

in Corynebacterium 7EIC, a requirement reported to exist in

several other photochromogenic microorganisms (33, 37, 36,

3, 17) and consistent with both the Batra and Storm (5) and

DeFabo et al. (13) models for photoinduced carotenogenesis.

However, the lack of total inhibition with the transcrip-

tional inhibitor, actinomycin D, revealed in my work,

implies that photoinduction in Corynebacterium 7EIC is at

the translational rather than the transcriptional level of

protein synthesis. This differs from the Batra and DeFabo

models of photoinduced carotenogenesis.

In conclusion, my work has shown (1) a dose related

response to both whole white light from a fluorescent lamp

and monochromatic light; (2) a biphasic response to mono-

chromatic light with an initial rapid response followed by

a slow response; (3) a photoreceptor that is neither a por-

phyrin nor a flavin or carotenoid, but is probably a protein;

(4) a biosyn t hetic pathway of carotenogenesis which can not

be chemically induced by antimycin A or PCMB; and (5) a

mechanism of photoinduction which occurs primarily at the

translational level of protein synthesis.
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