Reverse Reaction of Ferrochelatase

A 300 - u Forward reaction
i /] Reverse reaction
g: 200
g 100
0
Cely g
100 f‘ %
7 0 7
5 ] 7%
£ 17 7z Z
i
s 9 790
7 Z %
Aa 70
O T Nne B Fer G Sae ow

Fig. 5. Effects of Lipids (A) and Metal Ions (B) on FECH Activity.
The forward and reverse reactions were performed similarly to the
description in the legend to Fig. 4, but without (lane 1) or with
sodium palmitate (lane 2), phosphatidylcholine (lane 3), sphingo-
myelin (lane 4), lysophosphatidylcholine (lane 5), and lysophos-
phatidic acid (lane 6). Data are expressed as the mean £ SD of
triplicate experiments.

Zn?*-chelating activity, NADH-dependent conversion
of hemin to Zn-protoporphyrin was observed in the
muscle and liver mitochondria. The conversion from
hemin to Zn-protoporphyrin was found to include the
following three reactions: reduction of hemin, removal
of ferrous ions from the heme, and insertion of zinc ions
into protoporphyrin.!? Methemoglobin reductase cata-
lyzes the reduction of the ferric ions of hemin and
oxidized hemoprotein,?>?® and the ferrous ions in heme
can be removed by FECH. When hemin was chemically
reduced with reducing reagents, the iron-removal reac-
tion of heme occurred with the porcine recombinant
FECH, indicating that ferrous ions in heme are removed
by the FECH reaction.

c¢DNAs and genes of FECH have been isolated from
bacteria, fungi, plants, and mammals.? The amino acid
sequence of porcine FECH showed high homology with
those of mammalian FECH. The metal-chelating activity
of FECH is well documented. It is evident that porcine
FECH exhibits iron-removal activity as well as con-
version of heme to Zn-protoporphyrin, since both
activities were detected with purified recombinant
FECH. We have reported that bacterial and yeast FECH
exhibited reverse activity, suggesting that the reversible
reaction of FECH is a general property.!? The present
data indicate that the kg, value of the reverse iron-
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removal activity was much lower than that of the zinc-
chelating activity, indicating that FECH functions in
heme biosynthesis. Hence the formed heme is utilized as
a prosthetic group of cytochromes and myoglobin in
muscle. Otherwise, considering that the conversion of
hemin to Zn-protoporphyrin did not proceed at higher
pH levels at which the zinc-chelating reaction occurs,
the rate-limiting step of the formation of Zn-protopor-
phyrin from hemin was the iron-removal reaction.

Ham is produced mainly using pig muscle. Although
the pigment of cured ham is nitrate-binding myoglobin,
dry ham consists mainly of Zn-protoporphyrin.!® We
and others have reported that the reverse reaction of
ferrochelatase, namely, removal of iron from heme,
occurs in vitro.!%19  Therefore, hemoprotein-heme,
including myoglobin and hemoglobin, becomes a sub-
strate of the removal reaction of FECH,'® and the
protoporphyrin thus produced can be utilized in the
formation of Zn-protoporphyrin, a major pigment of
dry-cured ham. The enzyme naturally utilizes ferrous
ions as a substrate in vivo, but additionally inserts
divalent metal ions such as zinc and cobaltic ions into
porphyrin rings in vitro."® Thus zinc-chelating activity
is essential for the formation of the pigment of dried
ham in vitro, but the utilization of ferrous ions to form
heme in cells is tightly controlled.”

The present data indicate that the formation of Zn-
protoporphyrin from heme was markedly activated by
fatty acids, including palmitic acid. Phospholipids,
including phosphatidyl choline, and lysophosphatidyl
choline had various effects on the formation of Zn-
protoporphyrin. It is well known that the metal-chelating
activity of FECH is markedly activated by fatty acids
and phospholipids.* The mechanism of activation of
both reactions by fatty acids is not clear, but it is
possible that a specific environment dependent on the
species of the lipid groups of the mitochondrial inner
membrane” influences the reversible reaction of FECH.

Since divalent metal ions, including Co**, Zn?*, and
Cu?*, can be inserted into porphyrin rings to form the
corresponding metalloporphyrins, they inhibited FECH
activity to different degrees via competitive inhibition.®
Heavy metal ions can bind with SH-groups in the
catalytic domain of the enzyme, and then the activity is
inhibited.?*?> The present data indicate that the reverse
reaction was strongly inhibited by Cu?* and Fe**, but
not by Fe?*, Sn?*, or Co?*. Thus, the sensitivity of the
reverse reaction for divalent cations was different from
that of the forward reaction.

The present data indicate that FECH in porcine
muscle is an active enzyme catalyzing the metal-ion
chelating and iron-removal reactions. Other investiga-
tors?® have reported that the formation of Zn-proto-
porphyrin in Parma ham significantly increased after a
curing time of 40 weeks, in which pig leg was incubated
with salt at 1.0-1.5 °C for the first 10 weeks, suggesting
that FECH is not involved in its formation. It is possible
that zinc chelation occurs by non-enzymatic reac-
tions,?”?® or that porcine FECH is partially involved.
Since the removal of iron from heme occurs only by a
chemical reaction under strongly acidic conditions,?”
the removal reaction must be enzymatic. Furthermore,
lead poisoning or iron deficiency causes an accumula-
tion of Zn-protoporphyrin, and the possibility that the
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accumulation of Zn-protoporphyrin was caused by a
non-enzymatic reaction can be ruled out by the fact
that Zn-protoporphyrin does not accumulate in FECH-
deficient conditions or diseases.’” These observations
strongly suggest that the insertion of zinc ions into
porphyrin rings is an enzymatic reaction. It would be
very interesting to clarify the mechanism of the
formation of red pigments in ham. Further experiments
are required for clarification of the way Zn-protopor-
phyrin in raw muscle tissues is produced enzymatically.

Acknowledgments

We thank Dr. T. Numata and Dr. Y. Uebayashi for
generously donating pig tissues. This study was sup-
ported in part by grants from the Ministry of Education,
Culture, Sports, Science, and Technology of Japan, and
by JST.

References

1) Taketani S, Tohoku J. Exp. Med., 171, 1-20 (1993).
2) Ferreira GC, Int. J. Biochem. Cell Biol., 31, 995-1000 (1999).
3) Burden AE, Wu C, Dailey TA, Busch JL, Dhawan IK, Rose JP,
Wang B, and Dailey HA, Biochim. Biophys. Acta, 1435, 191—
197 (1999).
Furukawa T, Kohno H, Tokunaga R, and Taketani S, Biochem.
J., 310 (Pt 2), 533-538 (1995). :
5) Kools AM, Straka JG, Hill HD, Whitmer DI, Holman RT, and
Bloomer JR, Hepatology, 9, 557-561 (1989).
6) Hunter GA, Sampson MP, and Ferreira GC, J. Biol. Chem., 283,
23685-23691 (2008).
7)  Wrighting DM and Andrews NC, Curr. Top. Dev. Biol., 82,
141-167 (2008).
8) Muller-Eberhard U and Fraig M, Am. J. Hematol., 42, 59-62
(1993).
9) Taketani S, Tohoku J. Exp. Med., 205, 297-318 (2005).
10) Taketani S, Ishigaki M, Mizutani A, Uebayashi M, Numata M,

4)

157

T. T. CHAU et al.

11)
12)
13)
14)
15)
16)
17)
18)

19)
20)

21)
22)
23)
24)
25)

26)

27)

28)

29)

30)

Ohgari Y, and Kitajima S, Biochemistry, 46, 15054-15061
(2007).

Cassens RG, Ito T, and Lee M, Food Tech., 33, 46-57 (1979).
Shahidi F, Trends Food Sci. Tech., 2, 219-222 (1991).

Sakata R, Anim. Sci. J., 71, 1-16 (2000).

Wakamatsu J, Nishimura T, and Hattori A, Meat Sci., 67, 95—
100 (2004).

Adamsen CE, Moller JKS, Hismani R, and Skibsted LH, Eur.
Food Res. Tech., 218, 403-409 (2004).

Ishikawa H, Kawabuchi T, Kawakami Y, Sato M, Numata M,
and Matsumoto K, Food Sci. Technol. Res., 13, 85-88 (2007).
Nakahashi Y, Taketani S, Sameshima Y, and Tokunaga R,
Biochim. Biophys. Acta, 1037, 321-327 (1990).

Lowry OH, Rosebrough NJ, Farr AL, and Randall RJ, J. Biol.
Chem., 193, 265-275 (1951).

Bradford MM, Anal. Biochem., 72, 248-254 (1976).

Kohno H, Okuda M, Furukawa T, Tokunaga R, and Taketani S,
Biochim. Biophys. Acta, 1209, 95-100 (1994).

Rossi E, Costin KA, and Garcia-Webb P, Clin. Chem., 34,
2481-2485 (1988).

Reddy LM and Carpenter EC, J. Food Sci., 56, 1161-1164

.(1991).

Colombo S, Longhi R, Alcaro S, Ortuso F, Sprocati T, Flora A,
and Borgese N, J. Cell Biol., 168, 735-745 (2005).

Rossi E, Attwood PV, Garcia-Webb P, and Costin KA, Clin.
Chim. Acta, 188, 1-13 (1990).

Davidson RE, Chesters CJ, and Reid JD, J. Biol. Chem., 284,
33795-33799 (2009).

Wakamatsu JI, Uemura J, Odagiri H, Okui J, Hayashi N, Hioki
S, Nishimura T, and Hattori A, Anim. Sci. J., 80, 198-205
(2009).

Taketani S and Tokunaga R, Biochim. Biophys. Acta, 798, 226~
230 (1984).

Shipovskov S, Karlberg T, Fodje M, Hansson MD, Ferreira GC,
Hansson M, Reimann CT, and Al-Karadaghi S, J. Mol. Biol.,
352, 1081-1090 (2005).

Manning T, Kean G, Thomas J, Thomas K, Corbitt M, Gosnell
D, Ware R, Fulp S, Jarrard J, and Phillips D, Curr. Med. Chem.,
16, 2416-2429 (2009).

Taketani S and Fujita H, J. Bioenerg. Biomembr., 27, 231-238
(1995).



Jon Pharmacol Ther (3E¥E L J5%%) vol. 38 supplement 2010

21. SMBRERILT 4« U VEICBIT D ECFEIROES

RIURF AT, BRI

WO oE A N W%
FHESTLEREWREE AR
TR

FAUERTRSE ARIREEE
WO OHE

Gene Analysis of the Hydroxymethylbilane Synthase in Japanese Patients
with Acute Intermittent Porphyria

Naoto Maeda®, Yoshikazu Murawaki®, Yutaka Horie?
and Masao Kondo®

USecond Department of Internal Medicine, Tottori University Faculty of Medicine
2Department of Internal Medicine, Saiseikai Gotsu General Hospital
3Faculty of Human Life Science, Tokyo City University

KEY WORDS
Acute intermittent porphyria, Hydroxymethylbilane synthase, Gene analysis

& U &I

SERERERL 7 4 Y VEE (acute intermittent
porphyria, AIP) Z~AL&K% 3 HHOBETH 5
NAFaxe X F0E 7 vEEEEE (hydroxymeth-
ylbilane synthase, HMBS ; Bl& RV HEY) 2 7V 5
7 &7 —¥, PBGD) [EC 4.3.1.8] DIEMHETIC k-
CTO-7 3/ V7Y (0 -aminolevulinic acid, J -
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A case of CEP the diagnosis confirmed by a marked increase of

urinary type | porphyrins
Masao Kondo"”, Ryoiti,Kamide?, Masahiro Ishizuka®

1) Department of Human Sciences, Tokyo City University, Tokyo
2) Department of Dermatology, Tokyo Jikei-kai Medical University, Tokyo
3) Department of ALA center, Cosmo Oil Co Ltd, Tokyo

The case is 33-year-old woman of whom the chief complaint who stiffening of the
state of the ray hypersensitivity and the hand finger, and is the transformations. The
patient has the previous history and the red urine of the hepatic toxicit. The skin type
porphyria was doubted from these symptoms. Then, the isomer of the urinary
porphyrins were analyzed. As a result, the congenital erythropoietic porphyria that

became the 36th example in Japan was found.

Key words: congenital erythropoietic porphyria, uroporphyrin type I isomer,

erythrodontia, photosensitivity
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Exogenous coproporphyrin lll production by
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Erythrasma is a superficial skin disease caused by Gram-positive Corynebacterium species.
Coral-red fluorescence under Wood's light, strongly suggestive of erythrasma, can be attributed
to the presence of porphyrins. Fractionated porphyrin analysis in erythrasma lesions is yet to be
reported. We attempted to investigate erythrasma lesions by isolating the responsible bacteria
and determining their exogenous porphyrin production by HPLC analysis. We observed a 78-
year-old woman with erythrasma who had a well-demarcated slightly scaling patch on her left foot,
between the fourth and fifth toes. Two kinds of colonies on 5% sheep blood agar were obtained
from this lesion. Analysis of the 168 rRNA sequence revealed the colonies to be Corynebacterium
aurimucosum and Microbacterium oxydans. HPLC analysis demonstrated that coproporphyrin Ill
(Copro Ill) levels were clearly elevated, although the amounts of protoporphyrin were diminished.
These results indicate that the fluorescent substance was Copro ll. This study supports the view
that excess Copro lif synthesis by C. aurimucosum and M. oxydans leads to accumulation of
porphyrin in cutaneous tissue, which emits a coral-red fluorescence when exposed to Wood's

Accepted 8 March 2011 light.

introduction

Erythrasma is a skin disease characterized by pink patches
that sometimes become brown scales. The disease tends to
occur at intertriginous sites, and exhibits a coral-red
fluorescence under Wood’s light (Hay & Adriaans, 1998).
Sarkany et al. (1961) demonstrated the presence of Gram-
positive rods in the scales of erythrasma and named
the causative organism Corynebacterium minutissimum
(Sarkany et al., 1962). This bacterium is thought to produce
excess coproporphyrins (Hay & Adriaans, 1998). Currently,
we know very little about the epidemiology of erythrasma
and the nature of porphyrin production by these bacteria.
We have described a case of erythrasma from which
Corynebacterium aurimucosum and Microbacterium oxydans
were isolated. The aim of this study was to examine the
amount of extracellular and intracellular porphyrin pro-
duced by these bacteria and to clarify the nature of the

Abbreviations: Copro lll, coproporphyrin Ill; Uro, uroporphyrin.

porphyrin  responsible for coral-red fluorescence.
Photoinactivation of bacteria by endogenous porphyrins is
of growing interest in the field of photodynamic therapy. If
the existence of intracellular porphyrin produced by these
bacteria is identified, an appropriate method of photo-
dynamic therapy for erythrasma could be developed. To our
knowledge, this is the first study to employ HPLC to
investigate porphyrins of bacteria detected from erythrasma
lesions.

Case report

A 78-year-old woman with a 1 month history of an
asymptomatic scaling rash between the fourth and fifth
toes on her left foot was seen in March 2007. Physical
examination revealed a well-demarcated, reddish brown,
slightly scaly patch with interdigital peeling. Samples
dissolved in potassium hydroxide showed no dermato-
phytes in the affected areas. The patch exhibited coral-red
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fluorescence under Wood’s light (Fig. 1). Laboratory test
results were within the normal range with the exception of
slight hyperglycaemia. The clinical diagnosis was ery-
thrasma. The patient was treated with a topical application
of gentamicin ointment in the affected area. The coral-red
fluorescence was no longer evident after 4 weeks of
treatment.

Smear samples were taken from the scales present in the
interdigital sites before treatment and cultured. The
cultures were incubated at 35 °C on 5% sheep blood agar
for 18 h and Gram stains were performed. Two different
types of small, smooth colonies grew from the smear
.samples. One colony was white while the other was slightly
yellow and both colonies fluoresced coral-red under
Wood’s light. Gram staining revealed similar Gram-
positive rods from the colonies, 2-3 pm in length. The
bacterial cells were arranged in a V formation or in
palisades, characteristic of coryneform bacteria.

Identification tests for Corynebacterium were performed on
the colonies using the commercial RapID CB PLUS System
(Remel) according to the manufacturer’s protocols (Funke
et al., 1998). As the results did not correspond to those for
any corynebacteria, DNA from the two colonies was
subjected to sequencing analysis targeting the 165 rRNA
genes. Extraction of DNA was performed using achromo-
peptidase as previously described (Kikuchi et al, 2003).
The primers used for PCR amplification were Univl (5'-
GAG AGT TTG ATC CTG GCT CAG GA-3') and Univ2
(5'-AAG GAG GTG ATC CAG CCG CA-3") and were
synthesized by Operon Biotechnologies (Edwards er al,
1989). The PCR was carried out in a 50 pl volume
containing 2.5 U Taq polymerase (Perkin-Elmer Cetus),
10 x PCR buffer (TaKaRa), 0.2 mM dNTPs and 25 pmol
of each primer. The thermal profile involved an initial
denaturation step at 95 °C for 10 min, and then 30 cycles
of 95 °C for 30 s, 65 °C for 30 s and 72 "C for 90 s; the

Fig. 1. Well-demarcated, reddish brown, slightly scaly patch seen
on the left foot of the patient between the fourth and fifth toes. The
patch fluoresced coral red under Wood's light.

reaction was terminated by a final extension step at 72 °C
for 5 min.

Sequencing reactions were performed using a Big Dye
terminator (version 1.1) Cycle Sequencing kit (Applied
Biosystems) in conjunction with an ABI PRISM 3100
genetic analyser (Applied Biosystems) (Sasaki et al., 2007).
Multiple alignment was carried out by the cCLUSTAL_X
program (Thompson et al, 1997). Construction of the
unrooted phylogenetic tree was performed by the
neighbour-joining method (Saitou & Nei, 1987).

We extracted haem precursors from the C. aurimucosum
and M. oxydans strains and conducted HPLC analysis on
these precursors (Fig. 2a, b). To detect haem precursors in
the bacteria, colonies obtained from the sheep blood agars
were grown for 96 h in thioglycollate medium (Becton
Dickinson) at 37 °C (Thomson & Miller, 2003). The
concentration and absolute number of cells in culture was

- measured using the McFarland method (McFarland, 1907).

The culture was centrifuged at 3000 g for 10 min at 37 °C
and the supernatant and precipitate were processed
separately for HPLC analysis. As a control, a strain of
Staphylococcus aureus that was isolated from a case of
impetigo contagiosum and did not exhibit fluorescence
under Wood’s light was used in the present study. The
precipitates were homogenized with 5 ml ethyl acetate:
acetic acid (3:1, v/v). After centrifugation at 5000 g for
10 min, the supernatant was concentrated into 1 ml and
10 pl samples and subjected to chromatography on a Cyg
reverse-phase HPLC column equipped with a fluorometric
detector (Kondo & Kajiwara, 1987; Azuma et al, 2008).
The culture medium was lyophilized, extracted with 5 ml
ethyl acetate:acetic acid (3:1, v/v) and subjected to
chromatography (Nitzan ef al, 2004). In the culture
medium, the amount of coproporphyrin III (Copro III)
was significantly increased in C. aurimucosum and M.
oxydans compared to S. aureus strains (P<<0.05, Student’s
t-test), while the levels of uroporphyrin (Uro) and other
haem precursors were not increased (Fig. 2¢, d). In the cell
pellets, the amounts of Uro and Copro IIl were
significantly increased in C. aurimucosum and M. oxydans
compared with S. aureus (P<0.05).

The Japanese Ministry of Health, Labour and Welfare
provides guidelines on ethics regarding clinical research.
These guidelines state that if the research was carried out as
a part of a physical examination, and the field of research is
directly related to micro-organisms detected in specimens
of patients, and is not a phenomenon of the patient’s
health, then ethics approval is not required. Therefore, we
consider that our study required no ethics approval or
informed consent.

Discussion

In this study, we isolated C. aurimucosum and M. oxydans
from erythrasma lesions, conducted 16S rRNA sequence
analysis on the isolates, and identified Copro Il in the

http://jmm.sgmjournals.org
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Fig. 2. Analysis of haem biosynthesis in C. aurimucosum, M. oxydans and S. aureus. (a) Haem precursors in culture medium
obtained from C. aurimucosum, M. oxydans and S. aureus were analysed by HPLC. Colonies were grown for 96 h at 37 °C. The
culture medium was volatilized under negative pressure and then porphyrins were exiracted with 5 ml ethyl acetate : acetic acid
(8:1, v/v) and subjected to chromatography on a Cg reverse-phase HPLC column equipped with a fluorometric detecior. (b)
Intraceliular haem precursors from C. aurimucosum, M. oxydans and S. aureus. Bacteria were grown for 96 h at 37 °C and
homogenized with 5 ml ethyl acetate :acetic acid (3:1, v/v). After centrifugation at 5000 g for 10 min, the supernatant was
concentrated and subjected to chromatography. Quantification of each haem precursor obtained from culture medium (c) and from
C. aurimucosum, M. oxydans and S. aureus cells (d). In the medium, the amount of Copro Il was increased in C. aurimucosum and
M. oxydans compared with S. aureus (c). In the cells, the amount of Uro and Copro IIl were significantly increased in C.
aurimucosum and M. oxydans compared to S. aureus (d). The data were analysed with a fluorometric detector. Uro, Uroporphyrin;
Copro, coproporphyrin; 7CP, heptaporphyrin; 6CP, hexaporphyrin; 5CP, pentaporphyrin; Proto, protoporphyrin. Quantification of
haem precursors is presented as the mean = sem from six independent experiments. Student’s i-test was performed to determine
statistical significance among the experimental groups; *P<0.05 was considered statistically significant.
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culture medium. To the best of our knowledge, there have
been no previous reports in which C. aurimucosum and M.
oxydans were isolated from lesions associated with
erythrasma.

It is known that erythrasma is a superficial skin disease
caused by Corynebacterium species. Sarkany et al. (1961)
originally detected Gram-positive rods from lesions
associated with erythrasma and named the bacterium C.
minutissimum (Sarkany et al, 1962). Somerville (1973)
classified aerobic cutaneous diphtheroids into 15 groups
from the results of nine tests. These groups encompass
lipophilic characteristics, lipolytic ability, porphyrin pro-
duction, nitrate reduction and ability to decompose
glucose, maltose, sucrose, fructose and galactose. This
classification differs from that described in Bergey’s Manual
of Systematic Bacteriology. Somerville (1973) stated that all
groups of fluorescent diphtheroids were isolated from
erythrasma lesions as the result of an overgrowth of
diphtheroid members in the normal skin flora, and that C.
minutissimum belonged to group 2. Takei (1996) succeeded
in the isolation of 24 fluorescent diphtheroids from 43
lesions and identified them wusing API biochemical
tests. Sixteen isolates were C. minutissimum, six were
Corynebacterium jeikeium, one was coryneform group G-1
and the final isolate was coryneform group G-2. Takei
(1996) also stated that C. jeikeium and C. minutissimum
belonged to group 2 of Somerville’s classification scheme.

The strain of C. aurimucosum isolated in this study was
novel, as described by Yassin et al. (2002). Strains originally
designated CDC coryneform group 4 bacteria represent a
heterogeneous group and include pigmented variants of C.
aurimucosum. Corynebacterium nigricans is related to C.
aurimucosum at the species level as demonstrated by DNA-
DNA hybridization analysis and sequencing of the 16§
rRNA gene (Daneshvar et al., 2004). Yassin et al. (2002)
stated that C. aurimucosum is genealogically related to C.
minutissimum (99.8 % nucleotide identity for 16S rRNA)
with a similar basic biochemical profile. The DNA-DNA
hybridization experiments demonstrated that C. aurimu-
cosum is distinct from C. minutissimum with only 42 %
nucleotide sequence identity (Yassin et al, 2002).

M. oxydans is a coryneform bacterium that grows
aerobically, is asporogeneous, irregularly shaped, not
acid-fast, and can be visualized as Gram-positive rods.
The majority of Microbacteria form colonies with a yellow
pigment on nutrient agar. M. oxydans is one of the species
of Microbacteria most frequently isolated from clinical
specimens.

Only a small number of studies examining porphyrins
from erythrasma lesions have been published. Sarkany ef al.
(1961) examined aqueous extracts of fluorescent sub-
stances from culture medium using a spectrophotometer
and described that the substances had a maximum peak at
400-402 nm and a single sharp peak at 603 nm, although
fractionated porphyrin analysis was not demonstrated. Hay

& Adriaans (1998) stated that the coral-red fluorescence
under Wood’s light in erythrasma lesions was due to Copro
111, but did not provide any further details of their results.

In our study, HPLC analysis of haem precursors from the
culture medium of C. aurimucosum and M. oxydans revealed
that Copro III levels were clearly elevated (Fig. 2c) and the
amounts of protoporphyrin were diminished. Analysis of
intracellular porphyrin showed that the Uro and Copro III
levels were very high, although the protoporphyrin levels
were low (Fig. 2d). These results indicate that the fluorescent
substance was actually Copro III. We could not clarify the
complex mechanisms of excess Copro III production in the
supernatants in this study. The conversion from Copro III to
protoporphyrinogen IX is carried out by coproporphyrino-
gen oxidase (Hayashi, 1995). Almost nothing is known
about the regulation of haem-biosynthetic enzyme activities
in Corynebacterium bacteria. We postulate that the low levels
of coproporphyrinogen oxidase activity in C. aurimucosum

and M. oxydans likely lead to an accumulation of large

quantities of Copro IIL

Recently, photoinactivation of bacteria by endogenous
porphyrins has garnered interest in photodynamic therapy
(Maisch et al, 2004; Nitzan et al, 2004). In this study,
analysis of intracellular porphyrin in C. aurimucosum and
M. oxydans showed that the levels of Uro and Copro II1
were very high. Porphyrins have a common absorption
maximum (Soret band) around 400 nm and another peak
at 500-650 nm (Kondo, 1995). The photodestructive
wavelength range of porphyrins is reckoned to be 407-
420 nm (Ashkenazi et al, 2003). The Dbacterium
Propionibacterium acnes produces mainly Copro III, which
accumulates in the cells. The effectiveness of photodynamic
therapy for acne treatment has been demonstrated by
Kawada et al. (2002), who reported that blue light (407-
42° nm) was effective for acne patients in a clinical setting.
Ashkenazi et al. (2003) stated that illumination of the
endogenous coproporphyrin with blue light played a major
role in P. acnes photoinactivation. We believe that
photodynamic therapy, especially with light in the blue
wavelengths, could be applied to treat erythrasma lesions.

In conclusion, the results of this study support the view
that excess Copro 111 synthesis by C. aurimucosum and M.
oxydans leads to accumulation of porphyrin in cutaneous
tissue, which fluoresces a coral-red colour when exposed to
Wood’s light.
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