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SUMMARY

The addition of protoporphyrin IX to medium restored respiratory activity of a
respiration-deficient mutant of yeast which lacks all hemoproteins. Cytochrome ¢
was purified from the cells grown in medium with 14C-protoporphyrin IX. The specific
radioactivity of cytochrome ¢ was identical to that of protoporphyrin IX, implying the
utilization of protoporphyrin IX for the synthesis of heme ¢ without endogeneous dilu-
tion.

INTRODUCTION
We have previously reported on a respiration deficient ( RD ) mutant of yeast

( Saccharomyces cerevisiae ) which lacks all hemoproteins and accumulates copro-

porphyrin 111 (1). The phenotype was proved to be a single, recessive gene mutation
( eyt ) on chromosome ( 2). The mutant phenotype is temperature sensitive and when
cultured at 35°C, it does not synthesize cytochromes, respire or grow on a non~fermen-
table carbon source (3). However, its capacities to synthesize cytochromes a, b and
c, to respire and grow on a non-fermentable substrate are restored by addition of proto-
porphyrin IX or protohemin 1X ( 3 ). Thus using this cyt mutant, the synthesis of
cytochromes could be investigated. This paper reports the conversion of MC-labeled
protoporphyrin X, added to the medium, to heme c of cytochrome c without any dilu-

tion in the cyt mutant during cultivation at 35°C.
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MATERIALS AND METHODS

Z-1 strain ( 2), a homozygous diploid mutant ( cyt/cyt ), was used throughout.
Cells were cultured aerobically in medium consisting of 2 % proteose peptone No. 3
( Difco ), 1 % yeast extract { Difco ) and 2 % glucose. Protoporphyrin IX was purchased
from Sigma Chemical Co. Respiratory activity of cells was determined polarographically

MC-Profoporphyrin IX was prepared from MC- §=-aminolevulinic acid with chicken
hemolysate by the method of Kawai et al. (4 ). lts specific activity was 4.2 x 104 cpm/
mpmole. MC—Protoporphyrin IX ( specific activity, 630 cpm/mpmole ) was added to
culture media at a concentration of 5 pg/ml.

Cytochrome ¢ was extracted from cells lysed with ethyl acetate and purified on an
Amberhfe CG~50 column as described by Sels et al. (5). Electrophoresis of purified
4C—cyfochrome ¢ was carried out on a cellulose acetate membrane ( Gelman, 2.5 x
17 cm ) at 0.5 mA/cm for 3 hr at 0°C in 50 mM ammonium phosphate buffer ( pH 6.0 ).

After electrophoresis, densitometric tracing of the cytochrome ¢ band was performed
with a Densicord ( Model 542, Photovolt ) using a 420 my filter and after cutting the
membrane into 2 mm strips, radioactivity of each strip was counted in a liquid scinti-
llation counter. A tryptic digest of ! C-cytochrome ¢ ( 1.5 mg ) was obtained by
the method of Titani et al. (6 ), and applied to a filter paper ( Toyo No. 51A, 60 x
45 cm ). The paper was subjected to electrophoresis at 50 V/cm for 70 min, and then
descending chromatography for 12 hours. The paper was cut off into 5 cm-wide strips
along the direction of chromatography and the radioactivity was determined with a
Packard Radiochromatogram Scanner,

RESULTS AND DISCUSSIONS

Fig. 1 shows the restoration of respiratory activity of cyt mutant cells on addition
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Fig. 1.  Effect of addition of protoporphyrin 1X on oxygen uptake. Oxygen uptake
was measured with a Yanagimoto oxymeter at 30°C in 0.1 M phosphate
buffer ( pH 5.7 ) in the presence of 2 % glucose. The abscissa shows the
concentration of added protoporphyrin IX in the culture medium.

86



Vol. 40, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

of various amounts of protoporphyrin 1X to the medium. The rate of oxygen uptake
increased with increasing concentrations of up to 10 pg/ml of protoporphyrin IX. A

concentration of 5 pg/ml was used in subsequent experiments.
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Fig. 2.  Elution patterns of crude cytochrome c from Amberlite CG-50 column,
(@) st column chromatography. After dialysis against 10 mM ammonium
phosphate buffer, solubilized cytochrome ¢ was adsorbed to Amberlite CG-
50 batch-wise and it was packed to form a small column (1.2 x 10 cm ).
Cytochrome ¢ was eluted with 0.5 M ammonium phosphate buffer (pH 7.4 ).
Fractions of 1.0 m| were collected. (b} Rechromatography of the above
fractions containing cytochrome ¢ on an Amberlite CG-50 column (0.9 x
30 cm ). The column was developed with a linear gradient of 0.1 to 0.5 M
ammonium phosphate buffer ( pH 7.4 ). Fractions of 1.0 ml were collected.

cyt Mutant cells were harvested after culture in media with ]4C-profoporphyrin
IX at 35°C for 48 hr. As shown in Fig. 2a, both peaks of radiocactivity and the
absorption of oxidized cytochrome c in the Soret region were obtained by one-step
elution from Amberlite CG-50 column. Fractions 3 to 8 were pooled, dialysed against
10 mM ammonium phosphate buffer { pH 7.4 ) and rechromatographed on an Amberlite

CG-50 column. Cytochrome c was eluted with linear gradient of 0.1 to 0.5 M
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ammonium phosphate buffer ( pH 7.4 ). Cytochrome ¢ was recovered in three distinct
peaks ( Fig. 2b ). The peaks of radicactivity coincided well with the peaks of optical
density at 410 mp. The second and the third peaks seem to be iso-1-cytochrome ¢ and
iso-2-cytochrome c, respectively ( 7). The first peak may be reduced cytochrome ¢
remaining unoxidized during dialysis. The specific radioactivities of the added proto-
porphyrin IX and the cytochrome ¢ extracted in each peak are given in Table 1. The
difference between the specific activities of the cytochrome ¢ isomers and that of the
added protoporphyrin IX was within the limits of experimental error.

From these results, it is concluded that the heme ¢ of cytochrome ¢ was formed
from exogeneously added protoporphyrin IX without any dilution and de novo synthe-
sis of precursors for heme ¢ was excluded.

To confirm the incorporation of MPC-protoporphyrin IX into the heme ¢ of cyto-
chrome ¢, the cytochrome c in the second peak shown in Fig. 2b was subjected to
electrophoresis on a cellulose acetate membrane in 50 mM ammonium phosphate buffer
(pH 6.0). Asshown in Fig. 3, the densitometric tracing at 420 my coincided well
with the pattern of radioactivity obtained by cutting the same membrane into 2 mm

14
strips. The same =~ C-cytochrome c preparation used for electrophoresis was also

Table 1

Specific activity of cytochrome c recovered from Amberlite CG-50 column

Specific Activity

cpm/mpmole

Cytochrome ¢ Tst column 711
Cytochrome ¢ 2nd column  peak 1 724
peak 2 675
peak 3 785
Added protoporphyrin X 632
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Fig. 3.  Densitometric tracing ( a ) and radicactivity ( b ) of the ]4C-cytochrome c

band obtained by electrophoresis. The abscissa shows the distance from the
origin,

subjected to tryptic finger print analysis and as shown in Fig. 4, the radioactivity was
detected only in the heme peptide region. The remaining portion of the paper exhibited
no radioactivity.

These results show that exogeneously added protoporphyrin IX was actually taken
up into the cell and converted to the heme c of cytochrome c. Apparently the heme
¢ of cytochrome ¢ was derived entirely from protoporphyrin IX. Sano and Tanaka ( 8)
suggested from in vitro experiments that protoporphyrinogen first combined with the
apoprotein of cytochrome ¢ and then iron was incorporated to form heme c. The present
results support the utilization of protoporphyrin 1X, although the reduction of proto-
porphyrin to protoporphyrinogen is not completely disproved. Our findings are in

good accordance with results showing that cytochrome c synthesis and growth are stimu-
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Fig. 4.  Radioactivity in the heme peptide obtained by tryptic digestion of MC-

cytochrome ¢ and electrophoresis and chromatography.

lated by addition of protoporphyrin IX to Hemophilus ( 9,10 ), Spirillum (11 ) and E.

coli (12). Our preliminary experiments suggested that in the cyt mutant MC-profo-

porphyrin was also converted to heme a. The prosthetic group of hemoproteins may be

important in regulating the biosynthesis of their protein components, so this cyt mutant

will be useful in analysis of the mechanism of biosynthesis of cytochromes.

REFERENCES

Sugimura, T., K. Okabe, M. Nagao and N. Gunge, Biochim. Biophys. Acta,
115, 267 (1966 ).

‘Gunge, N., T. Sugimura and M. Iwasaki, Genetics, 57, 213 (1967 ).

T. Sugimura, M. Nagao, M. lwasaki, S. Miyake and N. Gunge, 7th International
Congress of Biochemistry, Abstr. J, 50, Tokyo (1967 ).

Kawai, Y., Y. Sugita and Y. Yonetani, J. Biochem. ( Tokyo ), 49, 80 ( 1961 ).
Sels, A. A., H. Fukuhara, G. Pere and P. Slonimski, Biochim. Biophys. Acta,
95, 486 (1965).

Titani, K., M. Kimura, J. Vanecek, H. Murakami and K. Narita, J. Biochem.

( Tokyo ), 56, 230 (1964 ).

Sherman, F., H. Taber and W. Campbell, J. Mol. Biol., 13, 21 (1965).
Sano, S. and T. Tanaka, J. Biol. Chem., 329, 3109 ( 1964 ).

Granick, S. and H. Gilder, J. Gen. Physiol., 30, 1 (1946 ).

Gilder, Hand S, Granick, J. Gen. Physiol., 3T, 103 (1947 ).

White, D. C., J. Bacteriol., 83, 851 (1962).

Lascelles, J., B. Rittenberg and G. D. Clark-Walker, J. Bacteriol., 97, 455
(1969). -

90



