
35 days of age and had no significant 
effect in I mice (10). A comparable 
long-lasting depression after adminis- 
tration at birth was described for 9,10-di- 
methyl-l,2-benzanthracene injected in- 
to newborn mice (11). 

Our data are consistent with the pos- 
sibility of host immunological mecha- 
nisms as regulators of malignant devel- 
opment, because resistance to MC 
oncogenesis was associated with absence 
of immune depression by the carcinogen 
in I-strain mice. The nature of the im- 
munological mechanisms involved in the 
regulation of tumor development is still 
unknown. The immune depression in- 
duced by MC in the above experiments 
was caused by a decrease of the actual 
numbers of antibody-producing cells in 
the spleen. Some experiments suggest 
that the depression may operate pri- 
marily on the antigen-sensitive precur- 
sors (10). In the case of the resistant 
animals, no such decrease in antibody- 
producing cells was observed. Other 
nonexclusive possibilities to explain the 
relative resistance includes a true re- 
sistance of the target cells to the car- 
cinogen and differences in the metabolic 
processing of the oncogenic agent, or 
both. On the other hand, since resist- 
ance was not absolute in the I strain 
and immune depression was not ob- 
served even in animals that developed 
tumors (10), paraimmunological and 
nonimmunological mechanisms should 
be also considered. 

OSIAS STUTMAN 

Department of Laboratory Medicine, 
College of Medical Sciences, 
University of Minnesota, Minneapolis 

References and Notes 

1. L. C. Strong, Yale J. Biol. Med. 25, 34 
(1952); L. J. Old, E. A. Boyse, D. A. Clarke, 
E. A. Carswell, Ann. N.Y. Acad. Sci. 101, 
80 (1962). 

2. E. Picard and H. Laduron, C. R. Seances 
Soc. Biol. 115, 1739 (1934); P. Shubick and 
G. Della Porta, Arch. Pathol. 64, 691 (1957). 

3. R. Malmgren, B. E. Bennison, T. W. Mc- 
Kinley, Proc. Soc. Exp. Biol. Med. 79, 484 
(1952); R. T. Prehn, J. Nat. Cancer Inst. 31, 
791 (1963); J. Stjernsward, ibid. 35, 885 
(1965); ibid. 36, 1189 (1966). 

4. L. Gross, Cancer Res. 3, 326 (1943); E. J. 
Foley, ibid. 13, 835 (1953); R. T. Prehn and 
J. M. Main, J. Nat. Cancer Inst. 18, 769 
(1957); P. A. Gorer, Advan. Immunol. 1, 345 
(1961); L. J. Old and E. A. Boyse, Annu. 
Rev. Med. 15, 167 (1964); Fed. Proc. 24, 
1009 (1965); G. Klein, Annu. Rev. Micro- 
biol. 20, 233 (1966). 

5. Z. B. Mikulska, C. Smith, P. Alexander, J. 
Nat. Cancer Inst. 36, 29 (1966); P. Alexan- 
der, Progr. Exp. Tumor Res. 10, 22 (1968); 
H. J. Meuwissen, 0. Stutman, R. A. Good, 
Seminars Hematol. 6, 28 (1969). 

6. L. Thomas, in Cellular and Humoral Aspects 

35 days of age and had no significant 
effect in I mice (10). A comparable 
long-lasting depression after adminis- 
tration at birth was described for 9,10-di- 
methyl-l,2-benzanthracene injected in- 
to newborn mice (11). 

Our data are consistent with the pos- 
sibility of host immunological mecha- 
nisms as regulators of malignant devel- 
opment, because resistance to MC 
oncogenesis was associated with absence 
of immune depression by the carcinogen 
in I-strain mice. The nature of the im- 
munological mechanisms involved in the 
regulation of tumor development is still 
unknown. The immune depression in- 
duced by MC in the above experiments 
was caused by a decrease of the actual 
numbers of antibody-producing cells in 
the spleen. Some experiments suggest 
that the depression may operate pri- 
marily on the antigen-sensitive precur- 
sors (10). In the case of the resistant 
animals, no such decrease in antibody- 
producing cells was observed. Other 
nonexclusive possibilities to explain the 
relative resistance includes a true re- 
sistance of the target cells to the car- 
cinogen and differences in the metabolic 
processing of the oncogenic agent, or 
both. On the other hand, since resist- 
ance was not absolute in the I strain 
and immune depression was not ob- 
served even in animals that developed 
tumors (10), paraimmunological and 
nonimmunological mechanisms should 
be also considered. 

OSIAS STUTMAN 

Department of Laboratory Medicine, 
College of Medical Sciences, 
University of Minnesota, Minneapolis 

References and Notes 

1. L. C. Strong, Yale J. Biol. Med. 25, 34 
(1952); L. J. Old, E. A. Boyse, D. A. Clarke, 
E. A. Carswell, Ann. N.Y. Acad. Sci. 101, 
80 (1962). 

2. E. Picard and H. Laduron, C. R. Seances 
Soc. Biol. 115, 1739 (1934); P. Shubick and 
G. Della Porta, Arch. Pathol. 64, 691 (1957). 

3. R. Malmgren, B. E. Bennison, T. W. Mc- 
Kinley, Proc. Soc. Exp. Biol. Med. 79, 484 
(1952); R. T. Prehn, J. Nat. Cancer Inst. 31, 
791 (1963); J. Stjernsward, ibid. 35, 885 
(1965); ibid. 36, 1189 (1966). 

4. L. Gross, Cancer Res. 3, 326 (1943); E. J. 
Foley, ibid. 13, 835 (1953); R. T. Prehn and 
J. M. Main, J. Nat. Cancer Inst. 18, 769 
(1957); P. A. Gorer, Advan. Immunol. 1, 345 
(1961); L. J. Old and E. A. Boyse, Annu. 
Rev. Med. 15, 167 (1964); Fed. Proc. 24, 
1009 (1965); G. Klein, Annu. Rev. Micro- 
biol. 20, 233 (1966). 

5. Z. B. Mikulska, C. Smith, P. Alexander, J. 
Nat. Cancer Inst. 36, 29 (1966); P. Alexan- 
der, Progr. Exp. Tumor Res. 10, 22 (1968); 
H. J. Meuwissen, 0. Stutman, R. A. Good, 
Seminars Hematol. 6, 28 (1969). 

6. L. Thomas, in Cellular and Humoral Aspects 
of the Hypersensitive State, H. S. Lawrence, 
Ed. (Hoeber-Harper, New York, 1959), p. 
529; F. M. Burnet, Brit. Med. Bull. 20, 154 
(1964); R. T. Prehn, J. Nat. Cancer Inst. 32, 
1 (1964); F. M. Burnet, Lancet 1967-I, 1171 
(1967). 

31 OCTOBER 1969 

of the Hypersensitive State, H. S. Lawrence, 
Ed. (Hoeber-Harper, New York, 1959), p. 
529; F. M. Burnet, Brit. Med. Bull. 20, 154 
(1964); R. T. Prehn, J. Nat. Cancer Inst. 32, 
1 (1964); F. M. Burnet, Lancet 1967-I, 1171 
(1967). 

31 OCTOBER 1969 

7. L. Hektoen, J. Injec. Dis. 17, 415 (1917); 
W. H. Taliaferro, L. G. Taliaferro, B. Jaro- 
slow, Radiation and Immune Mechanisms 
(Academic Press, New York, 1964). 

8. I. A. Parfentjev and F. Duran-Reynals, Sci- 
ence 113, 690 (1951); R. D. A. Peterson, R. 
Hendrickson, R. A. Good, Proc. Soc. Exp. 
Biol. Med. 114, 517 (1963); M. H. Salaman 
and N. Wedderburn, Immunology 10, 445 
(1966); B. V. Siegel and J. I. Morton, Proc. 
Soc. Exp. Biol. Med. 123, 467 (1966); R. G. 
Doell, C. deVaux St. Cyr, P. Grabar, Int. J. 
Cancer 2, 103 (1967). 

7. L. Hektoen, J. Injec. Dis. 17, 415 (1917); 
W. H. Taliaferro, L. G. Taliaferro, B. Jaro- 
slow, Radiation and Immune Mechanisms 
(Academic Press, New York, 1964). 

8. I. A. Parfentjev and F. Duran-Reynals, Sci- 
ence 113, 690 (1951); R. D. A. Peterson, R. 
Hendrickson, R. A. Good, Proc. Soc. Exp. 
Biol. Med. 114, 517 (1963); M. H. Salaman 
and N. Wedderburn, Immunology 10, 445 
(1966); B. V. Siegel and J. I. Morton, Proc. 
Soc. Exp. Biol. Med. 123, 467 (1966); R. G. 
Doell, C. deVaux St. Cyr, P. Grabar, Int. J. 
Cancer 2, 103 (1967). 

9. N. B. Jerne, A. A. Nordin, C. Henry, in 
Cell-Bound Antibodies, B. Amos and H. 
Koprowski, Eds. (Wistar Institute Press, 
Philadelphia, 1963), p. 109. 

10. 0. Stutman, Proc. Amer. Ass. Cancer Res. 
10, 89 (1969); , in preparation. 

11. J. K. Ball, N. R. Sinclair, J. A. McCarter, 
Science 152, 650 (1966). 

12. Supported by PHS grant CA-10445 and grants 
from the University of Minnesota Graduate 
School. 

23 June 1969 I 

9. N. B. Jerne, A. A. Nordin, C. Henry, in 
Cell-Bound Antibodies, B. Amos and H. 
Koprowski, Eds. (Wistar Institute Press, 
Philadelphia, 1963), p. 109. 

10. 0. Stutman, Proc. Amer. Ass. Cancer Res. 
10, 89 (1969); , in preparation. 

11. J. K. Ball, N. R. Sinclair, J. A. McCarter, 
Science 152, 650 (1966). 

12. Supported by PHS grant CA-10445 and grants 
from the University of Minnesota Graduate 
School. 

23 June 1969 I 

Cytochrome a3: Destruction by Light 

Abstract. Spectroscopic measurements on cultures of Prototheca zopfii irradiated 
with blue light revealed that inhibition of respiration was accompanied by destruc- 
tion of cytochrome as. One of the three b-type cytochromes and one of the two 
c-type cytochromes of this organism were also affected. Cytochrome oxidase of 
yeast (not resolved into the a and a3 components) and cytochrome a3 of beef-heart 
mitochondria were also destroyed by blue light. 
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Blue and near-ultraviolet radiation 
inhibit the growth of many plant and 
animal tissues and that of numerous 
microorganisms as well (1). The point 
of departure for our work was the re- 
port that blue light inhibited the growth 
of the colorless alga Prototheca zopfii 
(2). Studies with exponentially growing 
cultures of P. zopfii showed that a mod- 
erate intensity of white light (10 cm 
from a bank of four cool white fluores- 
cent lamps) inhibited cell division, 
protein synthesis, nucleic acid syn- 
thesis, and respiration to approximately 
the same extent. The photoinhibition 
of respiration was assumed to be the 
more direct phenomenon, with the in- 
hibitions of cell division and the syn- 
thetic processes being indirect conse- 
quences. 

In order to study the inhibitory ef- 
fects of light in the absence of growth 
and cell division, further studies were 
limited to the effect of light on the 
respiratory capacity of starved cells. In 
these experiments, the respiratory ca- 
pacity of a portion of cells was mea- 
sured with an oxygen electrode after 
addition of substrate (ethanol). Con- 
tinuous irradiation from the cool white 
fluorescent lamps exponentially inhib- 
ited the respiratory capacity of the 
starved cells with a rate constant of 
0.04 per hour (17 hours for 50 percent 
inhibition). Irradiation with blue light 
from a filtered high-pressure mercury 
lamp (2 X 106 erg cm-2 sec-1) inhib- 
ited the respiratory capacity much 
more rapidly, 50 percent inhibition be- 
ing achieved in 15 minutes. Starved 
cells maintained in darkness for as long 
as 7 days showed no loss of capacity 
to respire on added substrate. An ac- 
tion spectrum for the effect of light is 
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not yet complete in detail, but experi- 
ments with filters have shown that blue 
is the most effective spectral region. 

No loss of viability resulted from the 
irradiation treatment. Cells irradiated 
for 89 hours with the fluorescent lamps 
showed the same colony-forming abil- 
ity as cells kept in darkness (80 per- 
cent for irradiated cells versus 87 per- 
cent for nonirradiated cells) even 
though the rate of exogenous respira- 
tion of the irradiated cells was only 3 
percent of the dark control. Similar 
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Fig. 1. Low-temperature (-196?C) dif- 
ference spectra of cells (8.7 X 10? cell/ml) 
suspended in starvation medium, pH 5.5, 
with added scatter agent (0.33 g of CaCOa 
per milliliter). Curve A, cells irradiated 
for 2 hours (AH-6 lamp, Corning filters 
5433 + 3850, I = 2.5 X 105 erg cm-2 sec-D); 
dithionite-reduced cells minus substrate- 
(0.25 percent ethanol) respiring aerated 
cells; curve B, dark control cells, dithionite- 
reduced cells minus substrate-respiring 
aerated cells. 
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Fig. 2. Low-temperature carbon monoxide photodissociation difference spectra of non- 
irradiated (solid circles) and 2-hour irradiated (AH-6 lamp, Corning filters 5433 + 
3850, 1 = 2.5 X 105 erg cm-2 sec-1) cells (crosses). Starved cells (8.7 X 107 cell/ml) 
suspended in starvation medium, pH 6.9, with added scattering agent (0.33 g CaCO3 
per milliliter) were reduced with dithionite, and humidified CO was blown across 
the surface of the reduced suspension. Cells were frozen in both sample and reference 
cuvettes, and a base line was recorded. The reference cuvette was irradiated for Tro 
seconds with white light from a Unitron LKR lamp to dissociate the carbon monoxide- 
cytochrome a3 complex, and the spectrum was recorded. The spectra presented in the 
figure were computed by subtracting the base line from the recorded spectra. 
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Fig. 3. Low-temperature (-196?C) ab- 
solute spectra of cells (3 X 107 cell/ml) 
suspended in starvation medium, pH 6.9, 
with added scattering agent (0.5 g A1203 
per milliliter); cells reduced with dithi- 
onite in the presence of MeOH (2.5 per- 
cent) and KCN (2.5 X 10-4M). Curve A, 
nonirradiated cells; curve B, cells irradi- 
ated for 1 hour (AH-6 lamp, Corning fil- 
ters 5433 + 3850, I = 2.5 X 106 erg cm-2 
sec-1). 

observations of photoinhibition of res- 
piration have also been made with 
starved cultures of yeast cells. 

Spectroscopic examinations were 
made on irradiated and nonirradiated 
cells of P. zopfii to determine whether 
light had any influence on the respira- 
tory pigments. Spectra were measured 
at -196?C in a split-beam spectro- 
photometer (3) for difference spectra 
or in a single-beam spectrophotometer 
(4) for direct spectra. A light-scattering 
agent was added to the cell suspension 
to increase the optical path and to in- 
tensify the absorption bands (5). Cells 
irradiated for 2 hours with 2.5 X 105 
erg cm-2 sec-1 of blue light had con- 
siderably less absorption in the spectral 
region attributed to the Soret bands of 
cytochrome oxidase (Fig. 1). Carbon 
monoxide photodissociation difference 
spectra further revealed that the cyto- 
chrome a3 component of the oxidase 
complex was destroyed or altered by 
light (Fig. 2). 

The effects of light on cytochrome 
oxidase could be seen more directly by 
a new assay that distinguished cyto- 
chromes a and a3. It was found that 
the a-bands of cytochromes a and a3 
could be resolved if the spectra were 
measured in the presence of methanol, 
cyanide, and dithionite. In the absence 
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of methanol, the absorption band of re- 
duced cytochrome oxidase at low tem- 
perature appeared as a single band with 
a maximum of 598 nm. When meth- 
anol was included with cyanide and 
dithionite, the oxidase band was split 
into two distinct bands with maximums 
at 595 nm and 602 nm (Fig. 3A). 
Methanol red shifts the a-band of cyto- 
chrome a to 602 nm and permits dithi- 
onite to fully reduce the cyanide- 
cytochrome a3 complex, which gives 
the 595 nm band (6). In the absence of 
methanol, the cyanide-cytochrome a3 
complex remains largely oxidized even 
in the presence of dithionite (7). This 
spectral assay provided a convenient 
means of distinguishing the effects of 
light on cytochromes a and a3. The 
absorption spectra of the irradiated 
cells (Fig. 3B) in the presence of meth- 
anol, cyanide, and dithionite showed 
no indication of the 595 nm band at- 
tributed to the reduced cyanide-cyto- 
chrome a3 complex, which further con- 
firms the photodestruction or alteration 
of cytochrome a3. The photodestruction 
of cytochrome a3 was prevented if the 
irradiation was carried out under an- 
earobic conditions or in the presence of 
2.5 X 10-4M cyanide. A comparison 
of Fig. 3, A and B, also revealed that 
the irradiation treatment resulted in the 

loss of absorption attributed to cyto- 
chrome c(551), seen as a shoulder in 
Fig. 3A, and cytochrome b(559). The 
destruction of cytochromes a3, b(559), 
and c(551) could- be observed after ir- 
radiation with the cool white fluores- 
cent lamps of much lower intenstiy, 
but much longer times of irradiation 
were required. Similar spectroscopic 
measurements on yeast and beef-heart 
mitochondria showed that the same ir- 
radiation treatment destroyed cyto- 
chrome oxidase of yeast and cyto- 
chrome a3 of beef-heart mitochondria. 
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