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Suggestion for a new, semirational nomenclature for the free chelators of

ferrioxamines

Gottfried J. Feistner

Beckman Research Institute of the City of Hope, Duarte, CA, USA
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The author proposes that the free chelators of ferrioxamines should be referred to as proferrioxamines (pFOs)
and the corresponding structural and regulatory genes as pfoA, pfoB, pfoC, ete. He furthermore suggests that
individual proferrioxamines should be distinguished by subscripts that indicate the number and sizes of the
constituting diamines, and, where applicable, a cyclic structure or a C-terminal acetic acid substitution. Modifications
to the basic structures can be accomodated by standard nomenclature rules. The new semirational nomenclature
features the best of the old alphabetical and the Chemical Abstracts nomenclatures; it is structure-based and thus

chemically informative but still quite concise.
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Introduction

Muny microorganisms acquire iron from their environment
in the form of ferrioxamines. two examples of which are
shown in Figure I. Figure 2 shows the general structure of
the free chelators. They belong to the general category of
trthydroxamate siderophores, and in their simplest forms
consist of repeating units of N-hydroxylated diamines and
succinic acid only. The free chelators were ariginally
named desferri-ferrioxamine, which is descriptive but in-
convenient, and soon led to the sloppy” term deslerrioxamine
(Keller-Schierlein ¢t ol 1964). Further trimming led to
‘deferrioxamine’ or even ‘deleriox-amine’ and there is no
uniformly accepted term in the current litcrature.

When we first encountered these siderophores (Feistner
et al 19934). we therefore chose to refer to the ferrioxamine
precursors as proferrioxamines {pFQOs), o analogy to
proferrorosamine A, the precursor of the iron(1l) complex.
ferrarosamine A {Feistner er af. 1983). The prefix ‘des’ ts not
satisfuctory because by itsell ‘des’ indicates only the absence
of something but in no way specifies what is missing
This may result in ambiguous nomenclature and in
fact. tt already has. For example, the use of desA, desB,
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desC. ete., to describe the structural penes that code
for proferrioxamine  biosynthesis (Schupp 1988) is in
conflict with the use of desA to describe a gene for a
futty acid desaturase from a cyanobacterium (Wada
1993). The designations pfoA, pfoB, pfoC, etc.,
would avoid this ambiguity and are suggested instead.

The second suggestion T would like to make concerns the
differentiation of individual proferriox-amines by alpha-
betical letters (Keller-Schierlein ¢r al. 1964). This system has
served its purpose for as long as basically only one research
group contributed to the knowledge of proferrioxamines.
However. due to the practical applications that profer-
rioxamines have found as metal detoxification apents,
bifunctional chelators, cte., other rescarch groups have now
entered this field and it becomes difficult to coordinate the
naming of novel proferrioxamines using the alphabetical
method. The alphabetical letters also do not reveal
anything about the corresponding chemical structures,
not even indicating chemical relationships between indi-
vidual proferrioxamines. T therefore suggest to adopt a
svstem that has previously been introduced for the
description of polyamines (Hamana & Matsuzaki 1992), ie.
to use the carbon chain length of the constituting diamines
for characterization. Specifically, I suggest using the
corresponding numerical numbers as subscripts to pFO",
As can be seen from Table 1, this system leads to rational
descriptions for all of the natural proferrioxamines, but is
much more concise than the nomenclature used by the

et al.
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Chemical Abstract service. For example, the Chemical
Abstract name for the acyclic proferricxamine G, 18
32 - amino - 516,27 - trihydroxy - 4,12,15,23,26 -pentaoxo -
5,11,16,22,27-pentaazadotriacontanoic acid, but simply
pFOsss under the new nomenclature. To distinguish acyclic
from cyclic proferrioxamines, the latter will be identified by
the subscript-suffix ‘©’. Proferrioxamine E thus becomes
pFOsss., the tetra-hydroxamate pFO T, becomes pFQsss.
and the dihydroxamate bisucaberin becomes pFOy5..
This simple number system is possible becausc most
chemical features in natural proferrioxamines are apparently
conserved. For example, since the N-hydroxamate functions
are required for metal binding, they hardly need to be
specified. In those rare cases where an N-hydrexy group is
indeed missing (such as in pFO X,), this may be discussed

H/“

H
N

?

NH2 COOH
G 1

Fipure 1. Examples of a cyclic (E) and an acyclic (G}
ferrioxamine, illustrating the metal binding via the hydroxamate
groups. Other ferrioxamines differ in the size of the constituting
diamines, the number of hydroxamate groups, and, in a few
cases, C-terminal succinic to acetic acid substitution.

7
N

H O (l)H 0

as a desoxy-derivative. Also, succinic acid appears to be a
largely invariant component of proferrioxamines since all
natural proferrioxamines contain it and efforts in Tiibingen
(Meives 1989) and by ourselves to substitute succinic acid
by directed fermentation. e.g. with malic acid, have failed.
An exception to the rule is the C-terminal substitution of
succinic by acetic acid, c.g. in pFO B. Such acety] derivatives
can easily be accommodated by the subscript-suffix *Ac’.
Thus pFC B would be described as pFOsss4.-

Having found a concise description for the composition
of proferrioxaminges, the next step is to refine the nomenclature
to include sequence information and allow for substitutions.
Borrowing from the corresponding conventton in peptide
chemistry, [ suggest that the specific number scquence shall
indicate the order of the constituting diamines when
the proferrioxamine is written with the amino terminus
at the left and the carboxyl terminus at the right. If
on the other hand, the diamine sequence is not known,
this fact may be indicated by listing the numbers in
parenthesis, e.g. pFO.ss5, would describe pFO G, in
general, whereas pFO;q, would specifically describe pFO

Cyclic proferrioxamines have, of course, no termini
and thus more than one sequence of numbers may
describe a cyche proferrioxamine correctly. However, in
order 1o be consistent with the TUPAC rule to always use
the lowest possible numbers to describe the position of
substitutions, it is suggested to start numbering with the
shortest diamine. Thus pFO D, becomes pFO, 55, pFO X,
becomes pFO,.;, and pFO X, becomes pFO,,;.. For the
same reason, the numbering of acyclic proferrioxamines
should start with the carboxyl {or carbonyl) terminus.
Following these conventions, alcaligin (Nishio et al. 1988)
(Figure 3) can be described as 8,18-dihydroxy-pFO,, , and a
number of substituted proferrioxamines such as pFO
Et,, pFO Te, and pFO Py, recently obtained by directed
fermentation (Meives et al. 1990} (Figure 3), can be described
as 9-0xa-pFO;s.. 9,2031-trithia-pFQggs. and 10-0x0-9-
a2a-pFQ 45, respectively.

What remains to be considered are those acyclic profer-
rtoxamtnes, in whtch either the termtnal amino or carboxyl
group or both are derivatized. The description of these
derivatives does not require special rules except the
convention that the backbone proferrtoxamine shall be the
one consisting of complete succinylamino-hydroxyamino-
alkane moteties. Thus the acetyl derivative of pFO G, may
be described as Ac-pFQsss5, pFO H as succinyl-pFOs;
and pFO D, as Ac-pFQ«¢sa.. Proferrioxamine I, which has
been reported without data (Konetschny-Rapp 1990),
could be described as pFO45-NH-(CH,),-COOH.

OH QO OII

H,N— (CHp m—-(CHZ)Z)J\ N-—(CHp }r(cul) )L N—(CHJ_)O \”—(Cul)z)L N—(CHyy \[r(c:ﬂz)lwcom{
O H

Figure 2. General structure of linear proferrioxamines. The hydroxamate and internal succinic acid groups are conserved, the number
and sizes of the constituting succinylamino-hydroxyaminoalkane groups are variable.
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Figure 3. Structures of alcaligin, pFO Et,, pFO Tc; and pFO P,.
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