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BIOSYNTHESIS OF PORPHYRINS BY BACTERIA

Synthesis of Porphyrins FroIII 8-AIllinolaevulic Acid by Cell-free Lysate of
Micrococcus colpogenes
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The results of the synthesis of porphyrins from o-aminolaevulic acid (ALA) by the whole and lysed cells of
Micrococcus colpogenes are presented. Whereas the lysate metabolized ALA at a rate faster than the whole cells.
the amount of coproporphyrin formed by it was much less than the amount formed by the cells. Under aerobic
incubation the lysate formed mainly uroporphyrin. Anaerobic incubation of the lysate resulted in marked increase
in the formation of coproporphyrin. but the ratio of coproporphyrin to uroporphyrin formed by it was still less than
the ratio of the porphyrins formed by the whole cells. Porphyrins with intermediate number of carboxyl groups
between uroporporphyrin and coproporphyrin were detected only in the case of incubation mixture containing the
lysates. The difference in the metabolic operation of the pathway due to the difference in the organization of a
system has been discussed.

The effect of metal ions on the synthesis of por-
phyrins from ALA by cells of M. colpogenes was
reported earlier. I This paper describes the ability
of the cell-free lysate of the bacteria to synthesize
porphyrins from ALA.

Extracts of animals, plants and microorganisms
have been shown to convert ALA to porphobili-
nogen (PBG).2 Enzymic conversion of PBG to
porphyrins including protoporphyrin has been
-demonstrated to occur in the presence of cell-free
preparations from Chlorellas and Euglena,4 spinach
leaf and wheat germ.! and other materials.P Among
the bacteria, cell-free extracts of the Gram negative
bacteria, Rhodopseudomonas spheriodes7 and Hae-
mophilus sp.g, have exhibited enzymic activities
responsible for the formation of porphyrins up
to coproporphyrin from ALA. Townsley and

eilands? have demonstrated the synthesis of
porphyrins from ALA by lysate of the Gram
positive bacteria, Micrococcus iysodeikticus. Their
study was concerned, mainly, with the types and
amounts of porphyrins formed by lysates made
from the organisms cultivated on medium con-
taining 'low' and 'adequate' iron levels.

The present study gives a comparative account
of porphyrin-synthesizing ability of intact and
lysed cells and presents evidence of the importance
-of 'organization' of cellular components within
.an organism in the regulation and smooth opera-
tions of normal metabolic processes.

Exper irnenral

Materia!s.- The reagents and the strain of M .
.colpogenes used in the study were the same as des-
-cribed in the previous paper. I

Methods

Growth and Harvesting Conditions of the Bacteria.-

The organism was grown and harvested as des-
cribed earlier. I

Preparation of Cell-Iysate.-Cell lysate was made
by the treatment of cells with lysozyme essentially
by the method of Salton and Champman."? Cells
were suspended in o. 1M potassium phosphate
buffer, pH 7.5, and lysed with Armour Labora-
tories, crystalline egg-white lysozyme (100 flg
Iysozyme/ml of cell suspension containing 8-10
mg/ml of dry wt bacteria) at 30°C. Under these
conditions lysis of cells occurred in approximately
I hr. Unlysed cells, if any, and cell debris were
separated by slow centrifugation. The super-
natant represented cell-free lysate.

Incubation of reaction mixtures (see the text)
and oxidation of porphyrinogens formed in the
mixtures followed the method described in the
previous paper.! Incubation under vacuum was
carried out in 50 ml Thunberg tubes. For the
study of the amounts and types of porphyrins
formed at different periods of incubation, the
incubating vessels were taken out from the shaker
at intervals, and placed directly into crushed ice
and subsequently frozen at-10°C.

Fractionation and Determination of Porphyrins.-Por-
phyrins present in the reaction mixtures were
fractioned and determined by the method of
Dresel and Falk. II Since very little protopor-
phyrin is formed by the bacterial system under the
conditions of incubation, coproporphyrin was
extracted from ether with 5% HCI in all the experi-
ments. The amounts of uroporphyrin and co-
proporphyrin in 5% Hel (w/v) separately were
calculated from the expressions described by
Cornford.I?

Chromatograplzy.-Samples of porphyrins were
identified by the ascending chromatographic
method of With!3 on Whatman paper ITO. I.

Chromatograms were developed in dark room at
ambient temperature for go min, dried and
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checked for spots of porphyrins under UV light.
Protein Determination.-Protein was determined

by Biuret method 14 using crystalline bovine plasma
albumin (Armour Laboratories, Sussex) as the
standard. For the determination of protein in
bacteria, digestion of the organism was first carried
out with o. IN aOH at about roo=C for 5 min.

Results

Rate of Formation of Porphyrins from ALA b)' Cells
and Cell-free Lysates.-The amounts of
different porphyrins extracted from reaction
mixtures after different periods of incubation are
diagramatically shown in Fig. I. The ability
of the lysate to metabolize ALA under the condi-
tion is clearly demonstrated by the results. In
fact, rate of synthesis of total porphyrins by the
lysate was even faster than by the intact cells.
The notable difference, however, lied in the
amounts of uroporphyrin and coproporphyrin
formed by the two systems. Bulk of the por-
phyrins formed by the lysate was present as uro-
porphyrin at any stages of incubation periods.
Out of the total of 24 {Lm-moles of porphyrins,
only about I {Lm-mole of coproporphyrin accu-
mulated in the reaction mixture containing the
lysate at the end of 9 hr of incubation. In
contrast, almost two third of the total porphyrins
was present as coproporphyrin in the incubation
mixture containing intact cell, under identical
conditions.

Effect of Anaerobic Incubation on the Formation of
Porphyrins From ALA by Cell-free Lysates.-Lysates
were incubated aerobically in flasks and under va-
cuum in Thunberg tubes in duplicates. Glutathione
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Fig. I.-Rate of formation of porphyrins by cells (A) and
lysates (B): 0 uroporporphyrin ;_coproporphvrin.

(Incubation mixture: Samples, cell suspension or lysate,
5 ml, in O.IM phosphate buffer, pH 7.5; ALA, 2{L-moles (250
"",m-moles porphyrin equivalent); MgS04' 10-4M in final volume
of 5.3 JVl. Mixtures were shaken aerobically in flasks On the
oscillatory shaker at the speed of 60 oscillations/rnin for different
periods of time.
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(ro-3M) was added to one set of the anaerobic
reaction mixtures in order to study the performance
of the enzymes in the presence of a sulphydryl
compound. This was considered necessary parti-
cularly in view of the fact that the enzyme, urogen
decarboxylase, responsible for the decarboxylation
of uroporphyrin to coproporphyrin, has been
shown to be a sulphydryl enzyme (Hoare and
Heath O). The amounts of different porphyrins
formed by intact cells and by the lysates under
different conditions of incubation are summarized
in Table I. Values of porphyrins expressed have
been corrected for cell protein and have been
calculated for reaction mixtures containing 4 mg
proteinjml.

It is seen from the results that the lysates formed
more coproporphyrin under anaerobic incubation.
The ratio of coproporphyrin to uroporphyrin
increased from I :24 under aerobic condition to
1:5 and 1:6 under anaerobic incubation with
and without glutathione respectively. Presence
of glutathione had stimulatory effect on the for-
mation of both coproporphyrin and total por-
phyrins. However, the ratio of coproporphyrin
to uroporphyrin even under this condition of
incubation was still much less than the ratio of the
porphyrins formed by the intact cells. Heated
lysate was without any activity and no porphyrin
was detected at all in the incubation mixture
containing heated lysate.

On paper chromatogram (Fig. 2) developed
with aquous lithium chloride in an atmosphere
of NH40H, porphyrins formed by the cells were
separated as uroporphyrin, coproporphyrin and
protoporphyrin IX. A very faint spot slightly
above the spot of coproporphyrin was also de-
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Fig. 2.-Paper chromatogram (ascending, liCI (O.lM)-
NH40H) relating to the chromatographic behaviour of por-
phyrins formed by cells (c) and lysate (L) of M. co/pogenes.(M), is
the mixture of the authentic markers, uroporphyrin(v), copro-
porphyrin isomers I, C(I) and III, C(IIl) and protoporphyrin IX
(P). Faint spots on the chromatogram are marked with dashed
lines.
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TABLE I.-EFFECT OF OXYGENTENSIONDURING
INCUBATIONON THE FORMATIONOF PORPHYRINS
FROMALA BY THE LYSATESOF M. colpogenes.

(Incubation mixture: samples,S ml in 0.1 M phosphate buffer,
pH 7.5; ALA, 2 [L-moles (250 [Lm-moles porphyrin equivalenrt};
MgS04, 10-4M in final volume of 5.3 m!. Mixtures were
~hakeL1 aerobically in flasks and anaerobically under vacuum
1Il Thunberg tubes, on the oscillatory shaker at the speed of 60
oscillations/rnin.)

Incubation
Porphyrins ([Lm-moles/5m ) Ratio

Samples conditions Copro/Uro Copro Total Uro

Intact cell Aerobic 10 18 28 1.8:1
Lysate 36 1.5 37.5 1 :24

Anaerobic 30 5.0 35.0 1:6

•• it;eated)
•• +GSH 33.5 6.6 40.1 1:5

Aerobic 0 0 0

Uro, uroporphyrin; Copro, coproporphyrin

tected. With the lysate under anaerobic incu-
bation an array of porphyrins spots -includin sr
porphyrins with intermediate number of carboxyl
groups between uroporphyrin and copropor-
phyrin. were detected on the chromatogram. A
very.faint spot corresponding to that of protopor-
phynn IX was also detected. The spots slightly
above the spots of coproporphyrin in both the
~ases were most probably of coproporphyrin
Isomer I.

Discussion

The lysat~s of M. colpogenesexhibited the ability
to metabolize ALA under both aerobic and
anaerobic conditions. Bulk of the porphyrins
formed aerobically by the lysates was uro-
porphyrin. In contrast, of the porphyrins syn-
thesized by the 111 tact cells, coproporphyrin cons-
tituted the bigger proportion. The ratio of co-
proporphyrin to uroporphyrin formed by the
intact cells and by the lvsates were I.8:r and
I :24 respectively. Anaerobic incubation resulted
in increased formation of coproporphyrin by the
lysates and the ratio of coproporphyrin to uro-
porphyrin rose to I :5. Such increase in co-
proporphyrin formation could be due to the follow-
ing facts: (I) urogen is protected against oxidation
and is utilized effeciently by urogen decarboxylase,
(2) urogen when oxidized would not only cease to
act as substrate but would also sensitize the oxida-
tion of urogen (Mauzerall and Granick, 1958)16
thereby reducing the substrate concentration and;
(3) the partially oxidized form of urogen may
also be inhibitory for urogen decarboxylase.
The results of the stimulatory effect of GSH on the
formation of coproporphyrin are in agreement with
the findings of Hoare and Heath-> showing that
urogen decarboxylase is a sulphydryl enzyme. The
stability of such enzymes is dependent upon SH

group liable to undergo oxidation during aerobic
incubation.

It is interesting, however, that even the anaero-
bic incubation plus GSH did not restore the
activity of the enzyme present originally in the
cells. Lysis obviously brings about certain ir-
reversible changes affecting the ability of the lysed
system to carryon the normal metabolic process
?f porphyrin pathway. T~e important change
IS the disruption of organization affecting the
spatial arrangement of cellular organelles and
enzymes. In a complex metabolic process like
this, it is ~ecessary that the system of the enzymes
m."olved in the process occurs as an integral unit
with each component or enzyme of the system in
close and fixed proximity. If by any means the
system falls apart, it would no longer be able to
carryon the normal metabolic operation as effi-
ciently and smoothly as a well-organized system
like intact cells. This is further confirmed by the
chro~atographic analysis of porphyrins formed by
the intact and lysed cells. Whereas incubation
mixtl!re containing .intact cells accumulated por-
phynns . corresponding to uroporphyrin, copro-
porphyrin and protoporphyrin, mixture with
lysate, in addition, contained porphyrins with
intermediate number of carboxyl groups between
uroporphyrin and coproporphyrin. Under nor-
mal metabolic condition, porphyrins with inter-
mediate number of carboxyl groups are not allowed
to accumulate as they are instantaneously decar-
boxylated by the appropriate enzyme(s). With
the disruption of the right arrangement and
sequence of the enzyme system due to lysis, the
smooth and orderly contact of the metabolites
with the appropriate enzymes is greatly affected.
Difference in the biosynthesis of porphyrins under
the condition, is, in fact, manifestation of this effect.

The faster rate of ALA metabolism bv the
lysates (Fig. I), could be attributed to ready ac-
cessibility of the substrates, ALA and PBG to the
enzymes due ~o the loss of permeability barrier
~aused by lYSIS. Whole cells of bacteria being
Impermeable to PBG cannot utilize the excreted
PBG.r7
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