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1. Introduction

Mycobactins are a unique series of compounds
which chelate very strongly with iron and other metals

and are produced only by the mycobacteria [1]. The

structure of mycobactin S, produced by Mycobacte-
rium smegmatis, is shown in fig. 1.
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Fig. 1. Mycobactin S, after White and Snow [ref. 2]. The
atoms which coordinate with iron are numbered (i) to (vi).
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the aromatic moiety which is either salicylic acid or
6-methylsalicylic acid [1, 2]. Either one of these

acids, depending upon which one is found in the myco-
bactin molecule, also appears in the free form in the
medium after growth of mycobacteria [3, 4]. The
formations of the free aromatic acid and mycobactin
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ciency of iron in the growth medium {2, 3]. The extra-
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cellular salicylic acid and the salicylate moiety of my-
cobactin are formed from shikimic acid [5, 6], but
hitherto it has not been shown whether the extracel-
lular compound can penetrate into the cell or if it can

narticinate in mucahactin hincunthacie Thig ranart
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describes experiments which demonstrate that both
these events do occur in growing cells of M. smegmatis.

2. Materials and methods

The strain of M. smeonmatis used was the same as
ine strain o1 /M. Smegmiafis used was ine same

that of all previous work [3]. The medium was glycer-
ol 20 ml, L-asparagine 5 g, KH,PO,4 5 g and MgSOy,.
TH,0 0.4 g with NaOH added to pH 6.8 and distilled
water to make 1 litre. Metal ions were removed by first
autoclaving the medium with 0.5% alumina at pH 7.5,
and readjusting the pH with 2 M H,SO, [3, 7, 8]. Me-

r]nlm inct nrinr to lnnr‘n]aflnn was cnnnlnmpnl‘pr‘ with
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Zn2* 0.46 ug/ml, and, for iron- sufflclent medium, Fe2*
2.0 pg/ml; for iron-deficient medium, iron was omit-
ted. All glassware was cleaned as previously described
[3]. Medium (100 ml) was held in 250 ml conical
flasks and was inoculated with 0.4 ml of a suspension
of M. smegmatis formed by shaking in iron-deficient

adintm a emall amannt of nallicla talkan fram a 4 dav
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culture grown on iron-sufficient medium. 14Ccarboxy-

Salicylic acid (40 ug, sp. act. 3.43 X 107 dpm/umole)

was added to each flask at the time of inoculation.

Cultures were grown under stationary conditions for

6 days to give maximum formation of mycobactin |8].
Cultures were harvested by filtration and the moist

cells extracted with ethanol to remove mycobactin [9].

The subsequent procedure is given in scheme 1 and is
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Procedure for the isolation of mycobactin and its hydrolysis to salicylic acid. Total radioactivities (X 106 dpm) of the various frac-
tions are given in parentheses: the figure on the left-hand side refers to material from iron-deficient cultures and that on the right-
hand for iron-sufficient cultures. Total ! #C-carboxy-salicylic acid added was 79.52 X 10°® dpm and 19.88 X 10° dpm for iron-de-

ficient and iron-sufficient cultures respectively.
Moist, filtered cells

Extracted into 100 ml
cold ethanol for 18 hr

¥
Ethanol extract Dry cell residue
(5.92) (1.89) (0.466) (0.084)
Extracted into 100 ml CHCl3 and
ethanol removed with water
Chioroform extract Ethanol + water
(5.62) (1.46) (0.279) (0.289)
CHCl; removed by evaporation
Residue shaken with Chloroform
25 ml methanol. (background) (background)
Methanol-insoluble
material dissolved in
xylene-toluene (1:1)
Methanol extract Wax residue
(MYCOBACTIN) (0.226) (0.061)

(5.094) (1.386)
(See table 1)

Methanol removed by evaporation

10 ml 5 N HCl added
and refluxed for 6 hr

Acid-hydrolysis mixture

(4.23)

(1.12)

Extracted 3 X 10 ml ether and dried over MgSO,4

¥

(background) (background)

Ethere

(4.12)

xtract
(1.05)

Taken to dryness, residue

chromatographed on Whatman no. 1 paper
using propan-2-ol:aq.NH3:H,O (8:1:1, by vol).
Radioactive area eluted into ethanol.

Salicylic acid

0.821)

(0.294)

(see table 1)
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based on the work of White and Snow {2, 9]. Radio-

activity in the dry cells after mycobactin extraction
was determined by digesting a weighed amount (about

250 mg) in 15 ml M NaOH at 37° for 24 hr in a stop-
pered tube. To this solution, 22.5 ml M KH,PO, was
added and samples taken for counting. Mycobactin
was determined as its ferric complex after solution in
methanol using All%m =42.8 at 450 nm [2]. Salicylic
acid was determined spectrophotometrically using
Asoznm —A356nm 2nd the amount calculated from a
molar extinction coefficient of 3680. All radioactivity
was measured by scintillation with a Beckman counter,
model LS 233, with scintillation fluid as described by
Bray [10].

Paper chromatograms were scanned using a window-

less scintillation detector (model CS-03, Panax Equip-
ment Ltd, Ppﬂh-ll Qnrrpv\

14C-carboxy~Sa11cyl1c a01d was obtained from the
Radiochemical Centre, Amersham, Bucks.

3. Resuits and discussion

The mrnrnnrahnn of 14Pmarhnyv-calin\/l|p acid in-

................... Sl Yl allle

to 1ron-deliC1ent and iron-sufficient growing cells of

M. smegmatis after 6 days was determined and the
radioactivities which were recovered in the various
fractions are given in scheme 1 and table 1. The chro-
matograms of material from mycobactin hydrolysis
were scanned before the elution of salicylic acid and
no compound having more than 1% of the radioactivity
of salicylic acid was detected with either sample.

The results show that with both iron-deficient and
iron-sufficient cultures salicyclic acid is effectively
taken up from the medium into the cell. In both cases
about 95% of the incorporated material was recovered
in the ethanol-soluble fraction. Of the radioactivity in

tha muenhacts: qionific amount of radioactivity
uic uly\,vuuvuu no sigy uficant amount of rad 10aCuvIly

was recovered from any fraction following acid hydrol-
ysis except for that found in the salicylic acid moiety.
It is concluded, therefore, that the salicylic acid mole-
cule is incorporated intact into the mycobactin mole-
cule. The considerable dilution of the specific activity
of the added salicylic acid to its eventual specific acti-
vity in the aauuymu: moiety is an obvious indication
that de novo synthesis of salicylic acid was still con-
tinuing, it having previously been reported that myco-
bactin production was not arrested by as much as 20
ug of salicylate/ml of medium [11].
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Tabie i
Incorporation of MC-carboxy-salicylic acid into mycobactin S
during growth of M. smegmatis for 6 days on iron-deficient and
iron-sufficient medium.

Medium used

Iron Iron

sufficient

Cell dry wt.*/100 ml medium 153 mg 568 mg
Mycaobactin extracted
(ug/mg cell dry wt.) 1.90 222
in**
Sp. act. of mycobactin 1.72X10° 0.45X10°

(dpm/umole)

lnco?orauon of total
C-salicylate added into 6.4% 7.0%
mycobactin (see scheme 1)

Sp. act. of salicylate from

mycobactin hydrolysis 1.24X10%  0.40X10°
(dpm/pmoie)
Retenti ivity i
etention of activity in 729 899

galiovlata feomm mavrnnhantin
S41iCy1di€ 110 mycooacuin

Eight cultures from iron-deficient medium and two from iron-

sufficient medium were used. Procedure for isolaiion of myco-
bactin and its subsequent hydrolysis given in scheme 1. Sp. act.
of salicylate added 34.3X10® dpm/umole.

* Cell dry wt. determined after mycobactin extraction.
** Mycobactin S, although a mixture of similar molecules [2],
assumed to have mean M.W. of 827.

Although the uptake of salicylic acid by growing
cells of M. smegmatis is now established the reason for
this is still not clear. It is possible that its chelating pro-
perties with iron offer a mechanism by which iron is
transported into the cell [11] in a manner similar to
that reported to occur in other organisms with 2,3-di-

hvdravvhanzoi rid ite coninoate with carine [12
ll-y ulUA] U\rllLUl\r aulu, UJ Jl-) vvujusat VY iLll dDvilliv ll “oy

13}. (The formation of the analogous compound,
N-salicyloylserine, does not appear to occur in extracts
of M. smegmatis, C Ratledge, unpublished work).
Nevertheless the possibility cannot be excluded that
this uptake of salicylic acid may only be an exchange
with intracellular salicylic acid which is functioning

rabkontia Tha frmatinn ~F

j'liS‘t as a precursor of mycooacun. 1n¢ 1unciliorn o1

mycobactin itself is still completely unknown.
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