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The antibiotic albomycin is transported into cells of Escherichia coli K-12 by the same uptake 
system as the iron-supplying ferrichrome complex. The iron-complexing hydroxamate moieties of 
albomycin and ferrichrome are structurally similar. During the phase of rapid iron uptake the 
‘chelators were not found in the cells. In order to understand the antibiotic activity of albomycin, 
it was labeled in the hydroxamate with tritium and in the presumed antibiotically active area with 
radioactive sulfur. While the tritium label was not retained by the cells, part of the sulfur label was 
taken up and concentrated 500-fold within the cell. The sulfur was not incorporated into proteins 
or nucleic acids since it was recovered as a low molecular weight component. Gel filtration on Bio-Gel 
P-2 revealed one tritium-labeled and two sulfur-labeled cleavage products in the incubation medium. 
We conclude that albomycin is actively transported via its ferrichrome-like portion into the cells and 
that the growth-inhibitory moiety is released by hydrolysis intracellularly and remains there. 

Certain proteins of the outer membrane of Esche- 
richia coli and Salmonella facilitate the penetration of 
hydrophilic substrates [l - 61. One protein specified 
by the tonA gene in E. coli is required for the uptake 
of ferric iron mediated by ferrichrome. The same 
protein serves as receptor for the phages TI (ton is 
derived from T-one), 680, T5 and the colicin M [l, 2, 
41. Phage-resistant and colicin-M-resistant tonA 
mutants are unable to take up ferrichrome. Mutants 
of a second gene locus called tonB are also impaired 
in all tonA receptor protein related functions except 
phage T5 infection. An antibiotic structurally similar 
to ferrichrome, albomycin (Fig. l), is apparently taken 
up by the same route as ferrichrome, since tonA and 
tonB mutants are albomycin resistant. Mutants 
selected for albomycin resistance include tonA and 
tonB mutants and also strains deficient in the presump- 
tive permease of the cytoplasmic membrane; all are 
unable to grow on ferrichrome as sole iron source 

When we measured simultaneously the uptake of 
55Fe3 + and of tritium-labeled ferrichrome, the amount 
of the chelator associated with the cells was negligible 
[12]. If albomycin behaved the same as ferrichrome 
and was not found in the cells, its antibiotic action 
would be difficult to understand. We therefore studied 

[9- 141. 
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the uptake of albomycin and show here that it is 
rapidly altered by the cells. A degradation product 
remains cell-bound. We conclude that the albomycin 
is only the transport form and the antibiotically active 
component is released by hydrolysis. 

MATERIALS AND METHODS 

Substances 

All chemicals were reagent grade and were ob- 
tained from Merck (Darmstadt) if not stated other- 
wise. Bio-Gel P-2, 100-200 mesh, and ‘Chelex 100’ 
were from Bio-Rad (Munchen). ‘SP-Sephadex C-25’ 
(Sulfopropyl-Sephadex) and ‘Dextran blue’ were pur- 
chased from Pharmacia (Uppsala). Hen egg-white 
lysozyme was from Serva (Heidelberg). Amberlite 
XAD 2 and XAD 4, 300- 1000 pm was obtained 
from Rohm and Haas (Pa., U.S.A.). Thin-layer chro- 
matography aluminium sheets coated with cellulose 
(number 5552) or silica gel 60 (number 5553) and 
LiChrosorb RP-8 (10 pm, number 9318) were products 
of Merck (Darmstadt). t3H]Acetic anhydride, [35S]- 
sulfate (carrier-free) and 55Fe solutions were pur- 
chased from Amersham Buchler (Braunschweig). 
‘Selectron filters’ (type BA 85j0.45 pm) were obtained 
from Schleicher and Schull (Kassel). ‘Rotiszint 1 1’ 
was from C. Roth (Karslruhe) and ‘Quickszint 402’ 
from W. Zinsser (Frankfurt). 
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Growth Conditions and Strains 

E.ycherichia coli K12 AB2847 (aroB) was grown 
overnight to stationary phase in M9 minimal medium 
starting with single colonies on TY agar plates [12,14]. 
The M9 salts were supplemented with tyrosine, trypto- 
phan and phenylalanine (each 100 pg/ml), p-hydroxy- 
benzoic acid and p-aminobenzoic acid (each 40 pM), 
thiamine (10 pg/ml), glucose (0.4"/,), citrate (1 mM), 
MgS04 (1 mM), CaC12 (0.1 mM) and FeC13 (2.0 pM). 
Iron was extracted from the M9 salts and from glucose 
by passage through 'Chelex 100' columns yielding 
iron concentrations below 0.05 pM [15]. All measure- 
ments were performed with cells harvested in the loga- 
rithmic growth phase. An overnight culture was 
diluted into M9 medium which was supplemented 
with 0.1 pM FeCI3 to an absorbance of 0.05 measured 
at 578 nm and incubated at 37"C, 180 rev./min in a 
gyratory waterbath shaker (New Brunswick) until the 
absorbance reached 0.5. 

The tonA mutant P8 and the tonB mutant BR138 
used were derived from the parent strain AB2847 by 
selection for albomycin resistance [12]. Instead of 
citrate, the tonB strain was grown with dihydroxy- 
benzoic acid (20 pM). 

Tritium-Labeling of Ferrichrome 

Tritium labeling followed basically the method 
described by Luckey et al. [17]. Deferri-ferrichrome 
(6 mg) 8.8 pmol was dissolved in 0.1 M HCI, incu- 
bated for 20 min at 90 "C and lyophilized. The dry film 
was dissolved in 2 ml pyridine and 25 mCi [3H]acetic 
anhydride (50 pmol) were added. After incubation 
overnight at room temperature 10 p1 nonradioactive 
acetic anhydride was added to complete the acetyla- 
tion. 3 h later 8 ml of 4 M NH40H were added, incu- 
bated for additional 3 h at room temperature and 
evaporated to dryness. The material was dissolved 
in 0.5 ml H20 and 0.5 ml FeC13 (10 mM in 0.1 M 
HCI). The reddish-brown solution was purified by 
chromatography on columns of Amberlite XAD2 with 
the solvent H20/CH30H (lO/l, v/v) and then on 
Bio-Gel P-2 with water as solvent. The [3H]ferri- 
chrome (specific radioactivity 122 Ci/mol) chromato- 
graphed on silica gel thin-layer plates with an RF of 
0.24, and on high-pressure liquid chromatography it 
showed a retention time of 4.5 min, identical to native 
ferrichrome. 

Uptake Experiments 

Cells in the exponential growth phase were washed 
twice at 4 "C with iron-extractedM9 medium. The cells 
were suspended to an absorbance of 0.5 and kept on 
ice until the uptake experiment. Nitrilotriacetate 
(100 pM) was added to suppress the low-affinity iron 
uptake system. After shaking the culture for 5 min 
at 37°C and 180 rev./min the transport was started 
by adding the labeled substrate. Samples of 0.5 ml 
were filtered through Millipore filters (HAWM 02500) 
and washed twice with 4 ml of 0.1 M LiC1. The radio- 
activity on the dried filters was measured in a toluene- 
based liquid scintillation fluid in a scintillation counter 
(mark 11, Nuclear Chicago). The uptake experiments 
are reproduced at least three times. 

Measurement of Antibiotic Activity 

In order to determine the quantity of albomycin 
in the range between 1 - 100 pM impregnated filter 
discs were placed on minimal medium agar plates con- 
taining 2,3,5-triphenyltetrazolium chloride (0.2 mg/ 
ml). The plates were seeded with lo9 cells of E. coli 
K12 W3110 [16]. The inhibition zones were measured 
after incubation at 37 "C overnight. A calibration 
curve was drawn relating the diameter of the inhibition 
zones to the albomycin concentrations. For detection 
of low albomycin concentrations (0.01 - 1 pM) growth 
inhibition of logarithmically growing liquid cultures 
was measured. 

55Fe Labeling of Ferrichrome and Albomycin 

An aqueous solution of deferri-ferrichrome (1.0 mg/ 
ml) was mixed with an equimolar amount of [55Fe]C13 
(0.8 mCi/195 pg Fe) dissolved in 0.02 M HCl 30 min 
before the uptake experiments were started. For the 
exchange of 55Fe with nonradioactive iron of albo- 
mycin, 5 p1 of albomycin in water (0.11 mg/ml, 
0.5 nmol) were mixed with 10 p1 (0.02 nmol) carrier- 
free iron (0.5 mCi/2.1 pg) in 0.02 M HCl and incu- 
bated for 3 h at room temperature prior to the use in 
uptake experiments. 

Fermentation of (35S]Albomycin 

Streptomyces griseus TU 6 was cultivated in the 
following minimal medium : KHzP04 (1.79 g/l), Naz- 
H P 0 4 .  2 HzO (10.2 g/l), starch (20 g/l), glycine (2.5 g/l), 
ornithine (2.5 g/l), NH4CI (4 g/l), MgC12 (2 g/l), CaC12 
(0.8 g/l), FeS04 (0.04 g/l), ZnS04 (0.02 g/l), and 
MgS04 (0.05 g/l). The sulfate concentration had been 
lowered to 0.4 mM to obtain a high specific radioactiv- 
ity of [35S]sulfate. The cultivation was performed in 
a shaking flask with four baffles containing 200 ml 
medium. It was inoculated with lo7 spores, which 
had been stored in saline at - 27'C. After two days 
incubation at 27°C and 120 rev./min, the culture 
started to grow logarithmically and [35S]sulfate 
(25 mCi) was then added. When albomycin produc- 
tion was finished at the beginning of stationary phase, 
the culture was centrifuged and the antibiotic in the 
clear supernatant was purified by adsorption chroma- 
tography on Amberlite XAD2 and XAD4 (300- 
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1000 pm) columns (1.1 x 30 cm) according to H. P. 
Fiedler et al. [16]. After washing with 400 ml water the 
adsorbed albomycin was eluted with water/acetone 
(8/2, v/v) from the Amberlite XAD4 column and with 
water/acetone (1 /l ,  v/v) from the Amberlite XAD2 
column. 

Tritium-Labeling of Albomycin 

Iron-free albomycin ( 5  mg), prepared according 
to Luckey et al. [17] was dissolved in 0.1 M HCl and 
incubated for 90 min at 60 ’C. The hydrolysate was 
lyophilized and 50 pmol [3H]acetic anhydride (25 mCi) 
was added at O‘C; the reaction was stopped after 20 s 
by addition of 25 ml cold 1 M NH40H. The lyophi- 
lized product was dissolved in 1 mlO.1 M HCI + 0.5 ml 
FeClj (10 mM in 0.1 M HC1) and chromatographed 
on a SP-Sephadex C-25 column (0.9 x 30 cm) as de- 
scribed below. If the regaining of albomycin activity 
after acetylation (see below) was not satisfactory, the 
acetylation with acetic anhydride was repeated. 

Purification und Identification 
of Labeled Albomycin 

Lyophilized preparations of 35S-labeled albomycin 
after chromatography on Amberlite XAD2 and XAD4 
columns or crude preparations of [3H]albomycin were 
dissolved in water, adjusted to pH 4.5 with acetic 
acid and layered onto a SP-Sephadex C-25 column 
(0.9 x 30 cm). The albomycin complex was retarded 
when the column was washed with water and could 
be separated into 61-albomycin and 62-albomycin by 
elution with a 5 mM pyridinium-acetate buffer pH 4.7, 
at a flow rate of 14 cm/h [16]. High-pressure liquid 
chromatography was used in a micropreparative 
manner for further separation of breakdown products 
occurring in aqueous solution and of remaining radio- 
active by-products of the chemical reaction with acetic 
anhydride. This was done immediately before testing 
the labeled compounds for uptake and conversion. 
The high-pressure liquid chromatography was per- 
formed as reversed-phase chromatography on LiChro- 
sorb RP-8 with water/acetonitrile (9/l, v/v) as mobile 
phase at an elution rate of 1.5 ml/min (column dimen- 
sions 4.6 x 250 mm). The high-pressure liquid chro- 
matography method was furthermore used to identify 
and determine quantitatively 61-albomycin and 62- 
albomycin in nanomole amounts by correlating the 
peak areas of the radioactive samples with pure 
cS1-albomycin and ci2-albomycin standards. Thin-layer 
chromatography on cellulose aluminium sheets with 
the solvent 1 -propanol/0.2 M ammonium sulfate (5/3, 
v/v) revealed RF values of 0.27 for b2-albomycin 
and of 0.38 for dl-albomycin [16]. 

Gel Filtration 

Bio-Gel P-2 was swollen in water, degassed and 
poured into a column ( 0 . 9 ~  60cm). Dextran blue 
was added to the samples (200 - 300 pl) to determine 
the void volume. Dinitrophenyl lysine and trilysine 
were employed as additional markers. The flow rate 
of the eluent, deionized water, was 3 ml/h. The eluate 
was fractionated in 1-ml portions; the radioactivity 
of 0.5-ml samples were determined after addition of 
5 ml ‘Quickszint 402’. The gel filtrations were repro- 
duced at least three times. 

Preparation of Cell Extract 

Cell suspensions (2 ml) of the uptake experiments 
were centrifuged at 4°C and washed once with 5 ml 
10 mM Tris-HC1 pH 7.8. The cell pellet was resus- 
pended in 1 ml Tris-HCI buffer and incubated at 4‘C 
for 2 min with 50 yl lysozyme (2 mgiml). After adding 
2 ml 1.5 mM EDTA pH 8.0, the cell suspension kept 
in ice, was sonified twice for 10 s with a Branson 
Sonifier. The lysate was centrifuged at 100000 x g  at 
4°C for 1 h ;  the supernatant fluid was lyophilized 
before being fractionated on a Bio-Gel P-2 column as 
described. 

RESULTS 

Production of (35S]AIbomycin 

Albomycin was labeled with radioactive sulfur by 
growing Streptomyces griseus at a low sulfate concen- 
tration where albomycin synthesis was halved but 
most of the sulfate had been taken up into cells at the 
end of fermentation. Table 1 summarizes the isolation 
of [35S]albomycin. The pure sample had a specific 
radioactivity of 33 Ci/mol. Its chromatographic behav- 
ior on high-pressure liquid chromatography and thin- 
layer chromatography were identical with standard 
albomycin. 

Preparation of [3H]Albomycin 

To label albomycin at the iron-binding hydrox- 
amate residues the method for labeling ferrichrome 
[17] was adapted. Albomycin turned out to be extreme- 
ly labile. Biological activity was irreversibly lost 
until the following mild procedure had been devel- 
oped : the acetyl groups (Fig. 1) were only partially 
cleaved off by acid hydrolysis. A residual biological 
activity of 28 ”/, and an adsorption at 420 nm (iron 
hydroxamates) of 62 x, relative to the starting mate- 
rial, was obtained. After reacetylation with acetic 
anhydride 48 of the biological activity and 81 of 
the adsorption at 420 nm had been regained. Stronger 
hydrolysis of deferri-albomycin, treatment with acetic 
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Fig. 1. Structure offerrichrome [2/  and ulbomycin [7,8]. The formulaof albomycin may be incorrect in the area between the hexapeptide ring 
and the pyrimidine derivative (Maehr and Keller-Schierlein, personal communication). For  the purpose of this study the exact knowledge 
of the structure was not required 

Table 1. Purification of [35S]albomycin f r o m  200-ml culture filtrate 
of Streptomyces griseus TU 6 
The 3SS-labeled compounds were separated by successive column 
chromatography on Amberlite XAD2, XAD4 and SP-Sephadex 
C-25 

Fraction 10-9 x 35s Albo- Yield 
radioactivity mycin 

counts/min % mg "/, 

Culture filtrate 14.1 100 0.35 100 
Amberlite XAD 2 1.44 10 0.29 83 
Amberlite XAD 4 0.35 2.5 0.22 63 
SP-Sephadex (2-25 0.13 0.9 0.18 51 

anhydride in pyridine at lower pH values, for longer 
times or at higher temperatures destroyed albomycin 
completely and irreversibly. Upon purification on 
SP-Sephadex columns less than 1 % of the 3H label 
was found in the albomycin fraction. The final most 
effective purification by high-pressure liquid chroma- 
tography gave only minute yields of 61-albomycin and 
62-albomycin. The specific radioactivity of the pure 
sample was 15 Ci/mol for 61-albomycin and 19 Ci/mol 
for 62-albomycin in separate labeling experiments. 

Uptake of Ferrichrome and Albomycin 

With the radioactive label in the iron and the 
chelators, uptake and retention of the various portions 
of these molecules could be studied. All the iron com- 
plexed to ferrichrome was already found in the cells 
after 2 min (Fig. 2). Uptake of [3H]ferrichrome was 
measured: during iron uptake only a small percentage 
(6%) of total label, and then after 2 min, 2% was 

A 

loL-/; , , , .- .- ~ .-.=* 
0 

01 5 10 15 20 
Time (min) 

Fig. 2. Uptake of ["Fe]ferrichrome ( A )  and [3H]firrichrome (0) 
by iron-limitedcultures of E .  coli K-12 AB2847 (aro B). For controls, 
[55Fe]ferrichrome uptake was measured with strain P8 (ton A )  (0) 
and strain BR 158 (ton B) (B); [3H]ferrichrome uptake gave identical 
results. Exponentially growing cultures were washed twice and 
resuspended to  an adsorbance of 0.5 in iron-extracted M9 medium 
supplemented with all growth requirements and 100 pM nitrilo- 
triacetate. After 5 min preincubation at 37 'C with shaking, labeled 
substrate at 0.03 pM final concentration was added. Samples 
(0.5 ml) were filtered on Millipore filters (0.45 pm), washed twice 
with 0.1 M LiCl and the radioactivity of the dry filters was deter- 
mined. The uptake values (pmol/mg dry weight) were calculated 
from the starting absorbance 

bound to the cells. After longer incubation the chelator 
was taken up; at 20 min 50 % was cell-bound (Fig. 2) .  

Albomycin was able to carry iron effectively into 
wild-type cells (Fig. 3). After 5 min 70 % of the total 
added iron in the medium (0.03 pM) was found in the 
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Fig. 3 .  Uplake of 62-[55Fe]albomycin (A),  62-[3H]albomycin (0) 
and 6~-[~~S]ulhomycin (0) by iron-limited cultures of E. coli K-12 
A B  2847 (aro B). For controls, 62-[35S]albomycin uptake of strain 
P8 (ton A )  (0) and strain BR158 (ton B )  (H) was tested. 62-Albo- 
mycin labeled with 3H or  "Fe gave identical results with the ton A 
and ton B mutant. The experiment was performed as described 
in Fig.2 

cells. At higher [5sFe]albomycin concentrations 
(0.5 pM) 0.4 pmol iron/mg dry weight of cells was 
taken up during 30 min which amounts to 50 % of the 
transport rate of ferrichrome. Albomycin labeled 
with tritium in the acetyl groups was initially bound 
to the wild-type cells but the amount dropped after 
2 min to a level found also in tonA and tonB mutants. 
However when [35S]albomycin was tested, 30 - 40 % of 
the label was taken up by the cells and remained there 
(Fig. 3). No uptake of any label was observed in tonA 
and tonB mutants demonstrating that the uptake was 
confined to the tonAltonB system (Fig. 2 and 3). 

The question arose whether the concentration of 
the 35S-labeled albomycin derivative within the cell 
was sufficient to be antibiotically active. This was 
indeed the case. In the experiment described in Fig. 3 
the intracellular concentration was calculated to be 
15 pM (cell volume 1 fl) which was 500-fold higher 
than the albomycin concentration in the medium. 
With a higher [35S]albomycin concentration in the 
medium (0.4 pM) the concentration of the derivative 
staying inside the cell was 100 pM. 

Uptake of [35S]albomycin required cell metab- 
olism. Preincubation of cells for 60 min in salt medium 
without added energy source (e.g. glucose) resulted 
in an 80% reduction in uptake rate. The sulfur label 
was not incorporated into biopolymers, since more 
than 90% could be recovered as material smaller 
than albomycin (see below). 

To study the uptake system for albomycin further 
the mutant K1 50 was used; it was originally isolated 

50 t 
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Fig. 4. Uptake of ferrichrome and d;z-ulbomycin of the ulbomycin- 
resistant strain K15O. Uptake of [55Fe]ferrichrome (A), [3H]ferri- 
chrome (0), 62-[55Fe]albomycin (A), G2-[3H]albomycin (0) and 
6z-[35S]albomycin (m) were measured as described in Fig. 2 

[I21 as albomycin resistant. All known functions 
related to the tonA and tonB genes were intact in this 
mutant since the strain was fully sensitive to phages 
T1 and T5 and to colicin M. The strain is probably 
deficient in an additional uptake component, possibly 
in the presumptive permease of the cytoplasmic mem- 
brane. As shown in Fig. 4 iron promoted uptake from 
ferrichrome complex was at a very reduced rate when 
compared with the wild-type strain (Fig. 2). This 
uptake rate was sufficient to allow normal growth 
with ferrichrome as sole iron source. The mutant 
barely took up iron from albomycin complex and no 
significant uptake of the 3H-labeled and 3sS-labeled 
chelators into cells was observed. Also no uptake of 
[3H]ferrichrome occurred. These results support the 
conclusions already drawn from the data shown in 
Fig.2 and 3 that albomycin is taken up by the same 
transport system as ferrichrome but less efficiently. 

In addition it could be demonstrated, that ferri- 
chrome could compete for the uptake of albomycin. 
Ferrichrome (50 pM) had to be added within the first 
2 min after administering albomycin (0.1 pM) to 
protect sensitive cells (not shown). Therefore it ap- 
peared, that albomycin uptake quickly resulted in a 
toxic effect to cells, which could not be reversed by 
ferrichrome. 

Conversion of Albomycin by Sensitive Cells 

Albomycin was incubated for various lengths of 
time with a culture of sensitive cells (Fig. 5) .  Samples 
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Fig. 5. Lo.ts of nntibiotic activity ofulbon~ycin in cell cultures. Albo- 
mycin (0.03 pM) was incubated with three exponentially growing, 
iron-limited cultures of E. coli K-I2 AB2847 (uro B )  at an absor- 
bance of 0.6 for 2 min (A), 5 min (a) and 15 rnin (W). The cultures 
(5 ml) were chilled and centrifuged at 4'C for 10 min at 4500 xg. 
A freshly grown, iron-limited culture of strain AB2847 was spun 
down in 5-ml portions; the cell pellets were resuspended with the 
supernatants of the cultures incubated with albomycin. Growth 
was determined by measuring the absorbance at 578 nm of 1 : 10 
dilutions of the cultures. For control growth of strain AB2847 was 
measured without albomycin addition (0) 

were withdrawn at intervals, chilled, centrifuged at 
4°C and the remaining antibiotic activity in the 
medium was determined by measuring the degree of 
inhibition of growth of E. coli cells when incubated 
with this medium. To detect albomycin degradation 
an albomycin concentration of 0.03 pM was used; 
this exceeded the minimal inhibitory concentration 
(0.01 pM). After 5 min incubation only a very small 
inhibitory activity remained showing that the albo- 
mycin had been removed from the medium or 
degraded. Albomycin remained fully active after 
incubation with the tonA mutant (not shown). 

The presence of cleavage products of t3H]albo- 
mycin, expected from the kinetics of uptake was 
investigated by gel filtration of the medium on Bio- 
Gel P-2 after incubation with sensitive cells for 5 rnin 
(Fig. 6). Two labeled fractions were obtained; one 
was eluted at the position of albomycin, the second 
emerged later, indicating a smaller size. After longer 
incubation times the amount of the smaller compo- 
nent increased. No hydrolysis products were observed 
when albomycin was incubated for 20 min with a 
tonA mutant (Fig. 6). 

When the experiment was repeated with [35S]- 
albomycin, three labeled fractions were eluted from 
the column (Fig. 7). The first one emerged at the posi- 
tion of albomycin and disappeared upon longer incu- 
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Fig. 6. Elution profile of clravuge products of ci2-['HJulbomvcin. 
E. coli K-12 AB2847 was incubated with albomycin (0.03 pM) as 
described for uptake experiments (Fig.2) for 5 rnin (A) and 20 rnin 
(0); for control the ronA mutant P8 was incubated with albomycin 
for 20 min (a). Samples (2 ml) were chilled and centrifuged for 
10 min at 4500 x g  4 ' C .  Samples (1.9 ml) of the supernatants were 
lyophilized, dissolved in 0.2 ml distilled H 2 0  and layered on a Bio- 
Gel P-2 column (60 x 0.9 cm). Elution was performed with distilled 
H 2 0  at a flow rate of 3 ml. The eluate, collected in fractions of 1 ml 
was tested for radioactivity 
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After 20 min incubation with E.  1,oli K-I2 AH2S17. '5S-labeled 
cleavage products (0) in the medium were detcrmiiicd by gel filtra- 
tion on Bio-Gel P-2 as described in the legend of Fig. 6 

bation. The second one indicated a compound with 
intermediate size. After longer incubation times only 
one main product was obtained, which eluted at about 
30 ml. When the 35S-labeled albomycin derivative 
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within the cells was recovered in the 100000 x g super- 
natant of cell lysates and chromatographed on Bio- 
Gel P-2, only one labeled fraction was observed 
eluting near the blue reference band. When this 
material was mixed with the corresponding fraction 
derived from the medium and rechromatographed, 
the label eluted in one symmetrical peak from the 
Bio-Gel P-2 column (not shown). 

The 35S-labeled derivative eluting at 30 ml was 
further tested for uptake into whole cells; no incorpo- 
ration of this material was detected. In addition it 
was found to be antibiotically inactive against wild- 
type E. coli. 

DISCUSSION 

The small number of studies on the transport of 
antibiotics does not correspond with its importance 
[18 - 211. This paper started from the original obser- 
vation that during the uptake of iron as ferrichrome 
complex, very little chelator was found associated 
with the cell [12,22]. We have demonstrated that the 
ferrichrome-like portion of albomycin (Fig. 1) serves 
as a vehicle to bring the antibiotically active part into 
the cell via the ferrichrome-specific transport system. 
Despite its antibiotic activity albomycin was an effec- 
tive iron carrier. The initial rate of iron transport 
was about half the rate with albomycin than with 
ferrichrome. This may be due to the additional struc- 
ture bound to the iron chelator portion. A naturally 
occurring derivative of ferrichrome, ferrichrysin, con- 
tains two free serine hydroxyl groups like albomycin 
[23]. The rate of iron transport by ferrichrysin is com- 
parable with that of ferrichrome (not shown). 

Since the tritium-labeled hydroxamate moiety of 
albomycin was not retained by the cell whereas the 
sulfur label remained inside the cell, it is concluded 
that albomycin is cleaved intracellularly into various 
compounds. Three 35S-labeled compounds were found 
extracellularly, one of them co-chromatographed 
with the presumably inhibitory derivative which 
accumulated 500-fold within the cell. The 35S-labeled 
compound, with a size intermediate between albo- 
mycin and the final product, apparently was not 
retained by the cell before it was completely con- 
verted. Only one 3H-labeled degradation product 
appeared and it was found in the medium. Although 
it was eluted from the Bio-Gel P-2 column at a position 
similar to one of the 3sS-labeled compounds it must 
be different since it was not converted further as was 
the 35S-labeled compound. It was also shown that 
albomycin was not converted by extracellular enzymes 
because it remained fully active when incubated with 
transport-deficient cells. Judging from the elution 
position on Bio-Gel P-2, the conversion products 
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arose by hydrolysis because they were of smaller size 
than albomycin. Because the final product of the 
degradation was not taken up into the cell its anti- 
biotic activity could not be tested directly. Since the 
target site of albomycin is unknown [23], a system 
could not be used in vitro. The intracellular derivative 
may now be the key component in the mode of action 
of albomycin. Cell-free degradation of [35S]albomycin 
was recently achieved by K. Giinthner of this labora- 
tory, showing the same degradation products as found 
with whole cells. A mutant was isolated which was 
conditionally albomycin-resistant and the degree of 
resistance correlated with the residual degradation 
activity. It is therefore proposed that albomycin is 
activated by intracellular hydrolysis. Such a mecha- 
nism resembles the carriage of antibiotics into the cell 
by dipeptide or tripeptide transport, from which the 
peptide has to be cleaved in order to activate the 
inhibitor [24 - 261. 

Radioactive labeling of albomycin in different 
portions of the molecule was a prerequisite for these 
studies. Labeling with tritium by exchange of the 
acetyl groups by radioactive acetyl residues was diffi- 
cult owing to the labile nature of albomycin. The yield 
of biologically active labeled material was very low. 
Pure [3H]albomycin was finally obtained by high- 
pressure liquid chromatography where even separa- 
tion of 6, -albomycin from 62-albomycin was achieved. 
Both compounds behaved the same in uptake and 
conversion experiments. Study of possible cleavage 
reactions in the iron chelator portion may be facili- 
tated by the use of tritium-labeled ferrichrome which 
due to its stable nature was much easier to obtain in 
labeled form. The occurrence of hydrolysis products 
should be considered when the secondary uptake of 
3H-labeled ferrichrome (Fig. 2) is studied in greater 
detail. Knowledge of the fate of the iron chelator is 
also important when the concept is followed further 
to link antibiotics with iron carriers to facilitate entry 
of antibiotics into microbial cells [27]. 

The results of this paper confirm the predictions 
of Kniisel and Zimmermann [23] made for another 
sideramine/sideromycin system. They found that ferri- 
oxamine B interfered with the inhibition of cell growth 
by the structurally related antibiotic A-22,765, al- 
though ferrioxamine B was only very little taken up by 
Staphylococcus aureus. They concluded that both sub- 
stances compete for the same permeation system and 
that the uptake of the sideromycin is dependent on 
that portion of the A-22,765 molecule which is of non- 
sideramine structure. This hypothesis can now be 
specified more precisely in E. coli where certainly the 
translocation of albomycin across the outer membrane 
is entirely dependent on the sideramine part and prob- 
ably also the uptake through the cytoplasmic mem- 
brane. The retention of the inhibitor within the cell 
is a property of the antibiotic moiety. 
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