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Forty Years of Antibiotic 
Research at Lepetit: 
A Personal Journey

By Giancarlo Lancini 
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In 1868 the French chemist Roberto 
Giorgio Lepetit established a company in 
northern Italy for production of tannins, 
dyes, and inks. The enterprise, named 
Ledoga, flourished thanks to some origi-
nal production processes invented in the 
company’s laboratories. Roberto Lepetit, 
son of Roberto Giorgio Lepetit and as 
talented a chemist as his father, extended 
the firm’s research mandate to include 
pharmacologically active products. His 
principal success was the invention of 
nevralteine (sodium phenetidinometh-
anesulphonate), an analgesic antipyretic 
that was used for half a century, and which 
in 1905 became the first Italian chemical 
invention to receive United States patent 
protection. Roberto Lepetit created within 
Ledoga a pharmaceutical department that 
in 1929 became a separate company, Soci-
età Anonima Lepetit (later Lepetit S.p.A.). 
During the ensuing decades Lepetit grew 
into one of the leading pharmaceutical 
houses in Italy and a major innovator in 
the field of microbial natural products.

During Lepetit’s formative years the 
economic and political situation in Italy 
was not especially supportive of new drug 
discovery (until 1978 Italian law forbade 
the granting of Italian patents to pharma-
ceutical products). Therefore, rather than 
novel drug discovery, Lepetit focused 
on process development. A noteworthy 
success was achieved in early 1949 with 
a new economic synthesis of chloram-
phenicol. As a result, Lepetit became the 
world leader in the manufacture of this 
antibiotic. Shortly thereafter, a large fer-
mentation plant was built in Torre An-
nunziata near Naples for production of 
antibiotics, initially tetracyclines and later 
novobiocin.  At the company’s research 
headquarters in Milan, a Fermentation 
and Natural Products Department was 
created, charged with supporting antibi-
otic manufacture by improving fermen-
tative production and downstream pro-
cessing. This department was comprised 
of young, close-knit, motivated scientists 
who rapidly gained experience in disci-
plines as diverse as actinomycete biology, 

fermentation engineering, biological and 
physicochemical analysis of spent media, 
and extraction and recovery techniques. 
Efforts by the Fermentation and Natural 
Products Department, including classical 
strain mutagenesis and selection proce-
dures, led to improvements in tetracycline 
production and the discovery of a novel 
microbial product, bromotetracycline 
(Sensi et al., 1955). Following their success 
with tetracycline, Lepetit’s research man-
agement initiated a programme of antibi-
otic discovery.

Early screening 

When I joined the Fermentation and Nat-
ural Products Department in February 
1957, Lepetit’s antibiotic screening pro-
gram, under the direction of Piero Sensi, 
had been running for a couple of years dur-
ing which time the original screening pro-
cess had been streamlined and made more 
efficient. Screening personnel worked 
in contiguous laboratories on the same 
floor of the Lepetit building, which fa-
cilitated exchange of information between 
the chemistry and biology units. At this 
time antibiotic screening was predicated 
on conventional isolation and cultivation 
of soil streptomycetes, whereas extrac-
tion and purification of active substances 
from spent media was accomplished using 
state-of-the-art equipment, most notably a 
Craig countercurrent distribution appara-
tus (Fig. 1); this enabled a complete frac-
tionation of >1 g of crude extract in less 
than 24 h. Considerable time and effort 
was spared by evaluating crude or par-
tially purified extracts in animal models 
of infection in order to identify interest-
ing leads and allocate precious resources 
to promising products.

Discovery of the rifamycins

Toward the end of 1957 an actinomycete 
strain was isolated from a soil sample col-
lected near St. Raphael, France that was 
classified as Streptomyces mediterranei 
(subsequently reclassified as Nocardia 

mediterranei and then as Amycolatopsis 
mediterranei). This microorganism was 
found to produce antibacterial substanc-
es, and a crude extract of the spent me-
dium showed interesting activities against 
Gram-positive bacteria and a protective 
effect in murine models of infection. Pa-
per chromatography revealed an anti-
bacterial complex comprised of four very 
active substances, named rifamycins A, C, 
D, and E, which had similar biological and 
chemical properties, and a fifth, less ac-
tive substance, called rifamycin B, which 
separated cleanly from the other four rifa-
mycins due to its acidic properties (Sensi 
et al., 1960b). (Though originally called 
“rifomycins,” the name of these microbial 
products was changed to “rifamycins” at 
the advice of Lepetit’s legal department 
due to the similarity of “rifomycin” to the 
name of a different antibiotic.)

Fractionation and purification of ri-
famycins A, C, D, and E proved very chal-
lenging due to their instability in solution. 
Fractionation, which could be accom-
plished only by countercurrent distribu-
tion, indicated that rifamycins C and D 
were chiefly responsible for the antibacte-
rial activity of the spent medium, but these 
components could not be obtained as sin-
gle pure substances in reasonable quanti-
ties. However the most serious drawback 
was the tissue damage and even necrosis 
observed in different animal species at the 
site of injection during tolerability tests of 
rifamycins C and D.

Rifamycin B, previously overlooked 
because of its poor bioactivity, was then 
reconsidered. In its favor were its easy pu-
rification and crystallization, the absence 
of cross-resistance with known antibi-
otics, and the fact that rifamycin B had 
an extremely low toxicity, even though 
it showed only a modest efficacy in ex-
perimental animal infections (Sensi et al, 
1960b; Timbal, 1960).

Rifamycin B represented only 10-15% 
of the weight of the rifamycin complex and 
production of even the modest amounts of 
rifamycin B required for a thorough as-
sessment of its biological properties posed 
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a serious problem. It proved serendipitous 
that addition to cultures of 2 g/L of bar-
bital (diethyl barbituric acid) profoundly 
altered the rifamycin production profile. 
In the presence of 2 g/L of barbital rifa-
mycins A, C, D, and E were no longer pro-
duced, whereas the rifamycin B yield was 
increased fivefold. Fortunately, in those 
days analyses of fermentation broths were 
performed by UV spectroscopy, which re-
vealed a shift in the absorption maximum 
of broth extracts from fermentations per-
formed in the presence of barbital. Had 
analyses been guided by bioassay alone, it 
would have been concluded that barbital 
decreased rifamycin yield. Subsequent ex-
periments with a score of different barbi-
turates showed that only a few such com-
pounds produced a similar (albeit weaker) 
effect on rifamycin output, and that 2 
g/L of barbital were precisely the amount 
needed for optimal production of rifamy-
cin B (Margalith and Pagani, 1961).

The relatively modest antibacterial 
activity of rifamycin B did not augur well 

for its development as a major antibiotic 
able to compete with the likes of peni-
cillin, chloramphenicol, tetracycline, or 
erythromycin; nonetheless, its biologi-
cal and chemical properties were inves-
tigated, and to everyone’s surprise it was 
discovered that if an aqueous solution of 
rifamycin B were allowed to stand undis-
turbed, its bioactivity would gradually 
increase. This suggested a slow chemical 
transformation of rifamycin B into some-
thing more active, and it was postulated 
that this transformation was due either to 
oxidation by dissolved O2 or to a sponta-
neous hydrolysis. Treatment of rifamycin 
B with mild oxidants resulted in its com-
plete conversion into a substantially more 
bioactive product, dubbed rifamycin O 
(Oxidized) (Sensi et al., 1960a); however, 
UV spectroscopic analysis indicated that 
rifamycin O was not the compound that 
formed spontaneously from rifamycin B. 
When rifamycin O was subjected to mild 
hydrolysis, still another highly bioactive 
product was obtained, whose chemical 

properties matched those of the material 
formed spontaneously from rifamycin B; 
this second product was called rifamycin 
S (Self-activated). Rifamycin S proved to 
be a quinone with very high bioactivity, 
but it was also poorly soluble at neutral 
pH and, when injected into animals, was 
somewhat toxic and poorly tolerated. Ex-
amination of the site of injection revealed 
that the rifamycin S had become discol-
ored, suggesting that it had been reduced 
to a hydroquinone by body fluids. It was 
surmised that the toxicity of rifamycins 
was related to their oxidation potential. 
Reduction of rifamycin S by shaking aque-
ous solutions with vitamin C produced the 
hydroquinone form, called rifamycin SV 
(V for “vitaminized”) (Sensi et al., 1961).

Rifamycin SV had high in vitro activi-
ties against Gram-positive bacteria, Myco-
bacterium tuberculosis, and Neisseria gon-
orrhoeae, but only modest activity towards 
Gram-negative pathogens. Despite its high 
in vitro activity against M. tuberculosis, 
rifamycin SV had poor efficacy in experi-

Fig. 1.  Dr. Giancarlo 

Lancini operating the Craig 

countercurrent distribution 

apparatus (1962), which for a 

long time was a fundamental 

instrument for fractionating 

crude antibiotic extracts.  
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mental models of tuberculosis, which was 
attributed to its short serum half-life. No 
cross-resistance was observed with other 
antibiotics, consistent with its being a new 
chemical class and/or having a novel tar-
get. It was effective in curing several ex-
perimental infections when administered 
parenterally, and had low chronic toxicity 
(Timbal and Brega, 1961). Rifamycin SV 
was not orally active because, although 
readily absorbed from the intestine, it was 
even more rapidly excreted into the bile 
by way of enterohepatic circulation. Af-
ter injection, rifamycin S was moderately 
distributed throughout the body and then 
concentrated in the liver and bile at levels 
adequate to treat biliary and hepatic infec-
tions, even those caused by Gram-negative 
bacteria. After favorable results in clinical 
trials the sodium salt of rifamycin SV was 

marketed in 1963 in several European and 
South American countries as a solution in 
ready-to-use vials under the trade name 
Rifocin®.

The chemical interrelationship be-
tween rifamycins B, O, S and SV is shown 
in Fig. 2. The structural differences be-
tween these compounds were established 
on the basis of spectroscopic data and syn-
thesis of model compounds (Gallo et al., 
1962). In 1963 Prof. Dr. Vladimir Prelog at 
the Eidgenösische Technische Hochschule 
Zürich succeeded, by chemical degrada-
tion and extensive use of 1H-NMR spec-
troscopy, in assigning to rifamycin B the 
structure depicted in Fig. 2 (Oppolzer et 
al., 1965). At that time 1H-NMR was still 
a new technique.  When Prelog presented 
his results to Lepetit he remarked at the 
end of his lecture that ”Piero Sensi prob-

ably thinks that God created rifamycin B 
for the benefit of Lepetit, but I think that 
it was created to demonstrate the power 
of NMR in elucidating complex chemi-
cal structures.”  Rifamycins were the first 
natural compounds found to contain an 
aromatic moiety spanned by an aliphatic 
bridge; Prelog named such compounds 
“ansamycins” (from the Latin “ansa,” 
meaning “handle of a basket”).  At the 
same time a team at the University of 
Rome published an X-ray crystal structure 
of rifamycin B (Brufani et al., 1964).

Chemical modifications of rifamycins

That both natural and chemically modi-
fied rifamycins demonstrated good anti-
bacterial activities suggested that further 
modifications might produce better anti-

Fig. 2. Spontaneous transformation of 

rifamycin B into more active antibiotics.

(The “ansa” chain is shown in red.)

rifamycin B

rifamycin SV

rifamycin O

rifamycin S

O

O O

O

O

O

oxidation

hydrolysis

reduction

OH

OH

CH2
OH

HO

O

H3C

H3C H3C

CH3 CH3 CH3

CH3

CH3

CH3

OH

OH

OH

OH

OHO

O

O

O
O

O

O
O

O

H
N

NovDec.indd   195NovDec.indd   195 11/20/06   6:03:36 PM11/20/06   6:03:36 PM



196 | November/December      

Feature

infective agents. This idea was met with 
some skepticism by Lepetit’s management, 
since at that time (1959) several attempts 
to improve the properties of natural anti-
biotics by synthetic modification had met 
with only marginal success. Moreover, it 
was argued that naturally-occurring an-
tibiotics, having been fine-tuned in terms 
of spectrum and potency through natural 
selection, were already “optimized.” How-
ever it was pointed out that, whereas high 
antibacterial activity may have been se-
lected by evolution, other therapeutically 
important properties such as oral bioavail-
ability, distribution in the body, and favor-
able pharmacokinetics certainly were not. 
Lepetit’s management agreed to initiate 
a program of further chemical modifica-
tions of rifamycins. A series of rifamycins 
substituted at position 3 confirmed that, 
indeed, rifamycins with improved proper-
ties could be achieved by semisynthesis. 
Rifamycin O reacted readily with amines 
and hydrazines; in particular the amino-
guanidine derivative (rifamycin AG) was 
highly active in vitro against Staphylo-
coccus aureus (MIC 0.001 μg/ml) and M. 
tuberculosis (MIC 0.005 μg/ml) but had 
poor efficacy in experimental infections, 
possibly due to solubility problems (Sensi 
et al., 1962). All naturally occurring rifa-
mycins, with the exception of rifamycin B, 

had high in vitro bioactivities, and it was 
postulated that the free carboxylate group 
in rifamycin B hindered penetration of the 
antibiotic into bacterial cells. [What little 
bioactivity rifamycin B did possess was 
due to the presence of rifamycin B oxida-
tion products (vide supra)]. However, the 
methyl ester of rifamycin B proved to be 
about as active as rifamycins A, C, D, and 
E. Therefore, a series of esters, amides, 
and hydrazides of rifamycin B were syn-
thesized during 1961-1962, all of which 
demonstrated good antibacterial activities 
(Sensi et al., 1964). Within a series of ho-
mologous amides the most promising was 
the diethylamide (Fig. 3), whose proper-
ties resembled those of Rifocin® but which 
had a wider therapeutic window. Rifamy-
cin B diethylamide was developed and 
marketed in 1964-1965 as Rifamide® in a 
few countries, most notably the U. K. 

Beginning in 1963, following an 
agreement between Lepetit and CIBA 
(Chemical Industries of BAsel) AG, the 
program of rifamycin modification was 
pursued as a collaboration between the 
Swiss and Italian companies. Prelog’s elu-
cidation of the structure had enabled the 
establishment of structure-activity rela-
tionships for rifamycins. It was reasoned 
that attempts to interfere with molecular 
features responsible for interactions be-

tween rifamycin and its molecular target 
(vide infra) probably would be accom-
panied by loss of antibacterial activity, 
whereas modification of physicochemi-
cal features impacting predominantly on 
pharmacology (e.g., pKa, lipophilicity, 
serum protein binding) would less likely 
impact on rifamycin’s intrinsic antibacte-
rial potency. Thus, efforts were directed 
mainly towards synthesizing rifamycins 
with one or more of the following prop-
erties: enhanced oral bioavailability; slow 
rate of biliary excretion; and diminished 
toxicity. At the same time, some resourc-
es also were directed towards trying to 
increase penetration of rifamycins into 
Gram-negative pathogens. “Rifazine,” the 
simplest phenazino derivative of rifamy-
cin (Gallo et al., 1966), showed excellent 
oral efficacy in animal models of infec-
tions and was considered for clinical de-
velopment, but ultimately was abandoned 
due to tolerability problems. Meanwhile, a 
healthy competition between Lepetit and 
CIBA spurred research, since the agree-
ment between the companies stipulated 
that they would develop jointly the most 
promising product synthesized.

A series of 3-amino-substituted rifa-
mycin SV derivatives synthesized at CIBA 
were evaluated; one of these, the morpho-
lino derivative, with an ED50 <1 mg/kg 

Fig. 3. Additional rifamycins which 

have entered clinical practice.
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in an S. aureus murine infection model, 
looked particularly promising (14). At the 
same time, a series of 3-aminomethylrifa-
mycins was being prepared from rifamy-
cin S at Lepetit. These products were of 
moderate interest, but the observation that 
controlled oxidation produced 3-formyl-
rifamycin SV or “rifamycin AF” (“Araba 
Fenice” = “Arabian Phoenix,” so-called 
because of its elusive behavior) (Maggi et 
al., 1967) opened the route to synthesis of 
a very large number of important prod-
ucts by condensation of the 3-formyl moi-
ety with various amines, hydroxylamines, 
and hydrazines.

Some derivatives of rifamycin AF, 
prepared by condensation with disubsti-
tuted hydrazines, demonstrated excellent 
in vitro and in vivo activities. However, by 
far the best results were obtained by react-
ing rifamycin AF with N-amino-N’-alkyl-
piperazines. The product of condensation 
with N-amino-N’-methylpiperazine met 
our criteria for a clinically useful anti-
biotic, and a thorough evaluation of its 
biological properties was initiated (Figs. 3 
and 4).

3-[[(4-Methyl-1-piperazinyl)imino]
methyl]rifamycin SV, called “rifampicin” 
(“rifampin” in the United States) (Maggi 
et al., 1966), stood apart from the other 
semisynthetic rifamycins by virtue of its 

outstanding efficacy in curing experi-
mental infections (e.g., an oral ED50 of 0.1 
mg/kg for S. aureus septicemia in mice). 
Antibacterial efficacy was demonstrated 
in various experimental infection mod-
els, including infections with M. tubercu-
losis H37Rv (Arioli et al., 1967; Pallanza 
et al., 1967). Clinical studies confirmed 
the exceptional therapeutic properties of 
rifampicin, particularly for tuberculosis 
and leprosy; today, forty years after it was 
invented, rifampicin remains the most 
effective ingredient in the combination 
therapy used to treat these mycobacterial 
diseases (Omerod, 2003). Rifampicin is 
also recommended to prevent meningitis 
in persons who have come into contact 
with patients infected with the meningo-
coccus; and, in combination with other 
antibiotics, to treat refractory staphylococ-
cal infections (Parenti and Lancini, 2003). 
Mutation rates for resistance to rifampicin 
in Gram-positive organisms are about 
10-7, so for severe infections it is preferable 
to use rifampicin as part of a combination 
therapy to preclude emergence of rifampi-
cin-resistant mutants, though the risk of 
spread of rifampicin resistance through a 
bacterial population is modulated by the 
fact that it is not horizontally transferable. 
Whilst the mutation rate for resistance to 
rifampicin in M. tuberculosis is only about 

10-10, standard treatment of tuberculosis 
uses a combination of rifampicin plus at 
least two other antibiotics (standard treat-
ment: rifampicin + isoniazid + pyrazin-
amide).

Rifamycin fermentation and biosynthesis

The introduction of rifamycin SV and 
later rifampicin into clinical practice ob-
viously required an adequate industrial 
production process. A strain improvement 
program was initiated in 1961 at Lepetit’s 
fermentation plant in Torre Annunziata. 
An unexpected success followed from 
the observation that a mutant strain of A. 
mediterranei resistant to an actinophage 
was a better rifamycin producer. Sub-
sequent isolation of four mutant strains 
from phage-lysed cultures resulted in an 
incremental increase in rifamycin yields 
up to 1 g/l (Thiemann et al., 1964).

In Milan we began investigating 
some aspects of rifamycin production, in-
cluding the mysterious action of barbital, 
whose effects on rifamycin B yield were 
presumably exerted towards the end of the 
biosynthetic pathway. Addition to cultures 
of barbital labeled in different positions 
with 14C showed that neither barbital nor 
its degradation products were precursors 
of rifamycin (Kluepfel et al., 1965). Rifa-
mycin B has a glycolate moiety attached 
to the aromatic nucleus and we surmised 
that the last biosynthetic step might be 
glycolation of rifamycin SV to rifamycin B 
(see Fig. 2). Indeed, cultures of A. mediter-
ranei efficiently converted [14C]rifamycin 
SV into [14C]rifamycin B. Resting cells of 
A. mediterranei could convert rifamycin 
SV to rifamycin B, and conversion yields 
were significantly higher if the organ-
ism had been cultured in the presence of 
barbital (Lancini and Sensi, 1967). The 
biochemistry of this reaction was investi-
gated as well as the origin of the glycolic 
moiety (Lancini et al., 1969). The findings 
suggested the possibility of using A. medi-
terranei mutants blocked in the glycola-
tion of rifamycin SV to obtain the starting 
material for rifampicin manufacture. Mu-

Fig. 4 Prof. Piero 

Sensi describing 

the structure of 

rifampicin (ca. 

1965).
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tagenesis of A. mediterranei mycelial frag-
ments followed by plating the fragments 
on solid medium seeded with a rifamycin 
SV-sensitive but rifamycin B-insensitive 
indicator strain (Pseudomonas reptilivora) 
enabled detection of A. mediterranei colo-
nies producing rifamycin SV. One isolate 
thus recovered produced as much rifamy-
cin SV as the parent strain had produced 
rifamycin B (Lancini and Hengheller, 
1969). Further experiments demonstrated 
that production of rifamycin SV was un-
affected by barbital, confirming that bar-
bital exerted its effect on the glycolation 
step. While we were unable to convince 
Lepetit’s Production Division to commer-
cialize our results, nowadays fermentation 
plants in China and other third-world 
countries routinely use strains blocked at 
the rifamycin SV stage for industrial man-
ufacture of rifamycins.

 Using our established mutagenetic 
protocol on mycelial fragments in con-
junction with a suitable bioassay, another 
mutant strain of A. mediterranei was ob-
tained which produced high titres of rifa-
mycin B even in the absence of supplemen-
tal barbital (White and Lancini, 1975).

Studies were undertaken on the for-
mation of the rifamycin skeleton. Where-
as it was evident that part of the molecule 
originated from condensation of small 
acids, the “ansa” chain was interrupted by 
a vinylic oxygen atom (Fig. 2), and the ori-
gin of the aromatic nucleus was unclear. 
Attempts to elucidate the biosynthesis of 
rifamycins using [14C]- or [3H]propionate 
or [14C]- or [3H]acetate gave ambiguous 
results. Therefore, we resorted to 13C-
NMR spectroscopy, a technique which 
had only recently been applied to study-
ing biosynthetic routes. By feeding cells 
[13C]-enriched precursors we could dem-
onstrate that the ansa chain of rifamycin 
B was assembled by condensation of ac-
etate and propionate units initiated at the 
hydroxyaminobenzoate moiety (White et 
al., 1973); the vinylic oxygen was insert-
ed into the ansa chain later (White et al., 
1974). Remembering Prelog’s statement 
about NMR and structure elucidation, we 

felt that possibly God also had created ri-
famycins to demonstrate the power of 13C-
NMR for solving complex biosynthetic 
problems.

Other details of the rifamycin bio-
synthesis pathway and the production of 
other rifamycins by mutant A. mediter-
ranei strains have been reported indepen-
dently by Lepetit and by CIBA scientists. 
Interested readers are referred to two re-
views on the subject (Lancini and Grandi, 
1981;Lancini and Cavalleri, 1997).

Mode of action of rifamycins 

In 1967 and 1968 two short articles by 
Hartmann at the University of Mu-
nich and colleagues at CIBA reported 
that rifamycins inhibited bacterial RNA 
polymerase in a cell-free transcription 
system (Hartmann et al., 1967; Sippel and 
Hartmann, 1968). Shortly afterwards we 
verified that rifamycins specifically inhib-
ited RNA synthesis in growing bacterial 
cells (Lancini and Sartori, 1968). These 
findings attracted the interest not only 
of bacteriologists but also of virologists, 
who had just discovered the presence of 
RNA polymerase in the vaccinia virus. 
Initial tests suggested some activity of 
rifamycin on the viral RNA polymerase, 
but later it became clear that the modest 
antiviral activity of some rifamycins was 
due to a different mechanism (Lancini et 
al., 1971). Meanwhile, Howard Temin and 
David Baltimore had each discovered the 
reverse transcriptase of oncogenic RNA 
viruses; when rifamycins were tested on 
this enzyme, a moderate inhibition was 
observed. As a result, numerous labora-
tories contacted us, requesting samples 
of different rifamycins for testing against 
various biological systems. Melvin Calvin, 
who at this time often visited our labo-
ratory in his capacity as a consultant to 
Lepetit, initially was interested in these 
potential activities of rifamycins (Tischler 
et al., 1974); later, however, he remarked: 
“When their activity on RNA polymer-
ase became known … rifamycins were 
investigated by many laboratories for al-

most every activity for which they could 
be imagined, and perhaps even for a few 
activities beyond imagination.” Since li-
pophilicity appeared to enhance rifamycin 
activity towards transcriptases, a program 
aimed at synthesizing rifamycins bearing 
lipophilic chains was initiated at Lepetit. 
Shortly afterwards a contract was offered 
by the U. S. National Cancer Institute for 
a joint Lepetit-Dow Chemical program 
of synthesis, to be performed at Dow’s 
laboratories in Midland, Michigan. A few 
hundred rifamycins later we had confir-
mation of what we suspected: derivatives 
with reasonable activity against reverse 
transcriptase were equally active against 
other enzymes (e.g., DNA polymerases, 
mammalian RNA polymerases), and so 
were not suitable candidates for clinical 
development (Yang et al., 1972). The re-
sults produced by studies “even beyond 
imagination” have been summarized in a 
review on structure-activity relationships 
of rifamycins (Lancini and Zanichelli, 
1977).

 Among the many rifamycins syn-
thesized in our laboratory, however, rifa-
pentine (formerly DL 473, see Fig. 3) was 
found to be about as active as rifampicin 
but with a better pharmacokinetic profile, 
thereby permitting treatment of tuber-
culosis by intermittent therapy (38). The 
product was not developed by Lepetit per 
se but by Hoechst (vide infra). Rifapentine 
has been marketed in the United States 
under the trade name Priftin®.

Screening for new products 
continues: 1960-1965

While Lepetit’s chemists and medical 
microbiologists were focused on the syn-
thesis and evaluation of rifamycins, the 
screening group continued their search 
for new microbial products with antibi-
otic activities. By 1961 we had recognized 
that high rates of rediscovery of known 
substances represented a major hurdle to 
identifying new products from streptomy-
cetes (cf. Baltz, 2005); moreover, while the 
number of new molecules discovered was 
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steadily increasing, the proportion of new 
compounds with clinical potential was 
dwindling. To increase the probability of 
finding new, therapeutically useful, mol-
ecules it was proposed to seek new anti-
biotics from untapped microbial sources, 
such as the oceans, caves, or niches with 
unconventional salinities, temperatures, 
etc. Alternatively, it was suggested that 
research be reoriented towards narrow-
spectrum antibiotics active against less 
common pathogens, or to focus efforts 
on combating microorganisms of agri-
cultural or veterinary interest. The need 
to screen increasingly greater and greater 
numbers of microorganisms for “hits” 
was felt acutely in our laboratories, which 
could not compete with large American 
and Japanese companies in terms of the 
number of new strains isolated. We de-
cided that our best chances lay in studying 
non-streptomycetes similar in habitat and 
lifestyle to streptomycetes. This led us to 
collect strains belonging to new or unex-
plored genera of the order Actinomyceta-
les, the so-called “rare actinomycetes.” At 
about the same time a similar approach, 
focusing on Micromonospora spp., was 
pursued with great success at Schering/
Schering-Plough in the United States, 
leading to the discovery of, among other 
drugs, gentamicin (Weinstein, 2004).

At Lepetit a program was started 
to isolate strains belonging to the genus 
Thermoactinomyces. A novel antibiotic, 
thermorubin, was soon discovered, note-
worthy for its broad spectrum of activ-
ity against Gram-positive bacteria and, 
to a lesser extent, Gram-negative bacte-
ria (Craveri et al., 1964). Thermorubin 
was found to inhibit protein synthesis by 
a mechanism different from that of all 
known antibiotics (Pirali et al., 1974). Un-
fortunately, thermorubin did not cure ex-
perimental infections in animals, probably 
due to its inactivation by serum proteins, 
and attempts to improve its in vivo activ-
ity were unsuccessful. It soon became ap-
parent that the genus Thermoactinomyces 
was not particularly gifted with respect to 
the variety of antibiotic molecules it could 

produce: screening several hundred Ther-
moactinomyces strains from diverse soil 
samples resulted in repetitive detection 
of thermorubin and a handful of other 
products of little commercial interest. We 
now know that this genus belongs to the 
order Bacillales rather than the order Ac-
tinomycetales (Stackebrandt and Woese, 
1981; Stackebrandt et al., 1983), and this 
experience taught us that morphological 
similarity to streptomycetes is not neces-
sarily accompanied by a corresponding 
biosynthetic versatility.

In 1962 Lepetit’s research laborato-
ries moved to a larger building in the Bo-
visa district of Milan. The Department of 
Fermentation and Natural Products was 
split into three departments. One of these, 
Antibiotics and Natural Products, under 
the direction of Piero Sensi was com-
prised of strain isolation and fermentation 
laboratory, a recovery and purification 
laboratory, a natural products chemistry 
laboratory, and a microbial biochemistry 
laboratory; the other two departments 
were Medical Microbiology, focusing on 
in-depth evaluation of a new product’s 
therapeutic potential, and Physical Chem-
istry, focusing on analytical methods and 
structure elucidation.

Following our experiences with Ther-
moactinomyces, screening of streptomy-
cetes resumed. Meanwhile, a new test for 
antiviral activity was added to the usual 
panel of antibacterial and antifungal as-
says. This approach bore fruit when a new 
compound with moderate antiviral activ-
ity but potentially interesting antitumour 
activity was detected (Murthy et al., 1966). 
The product, named alanosine [from its 
chemical structure, β-N-nitroso-hydrox-
ylaminoalanine (Coronelli et al., 1966)], 
was synthesized (Lancini et al., 1966) and 
exploratory studies of its use against head 
and neck cancer were conducted at the 
National Institutes of Health in the United 
States; however, it was abandoned follow-
ing poor results in clinical trials. Among 
its other bioactivities, alanosine was able 
to sterilize flies and acted as an abortifa-
cient in animals when administered dur-

ing the first days of pregnancy. 
Also during this period we isolated 

from Streptomyces eurocidicus azomycin 
(2-nitroimidazole), an antibiotic reported 
previously by Umezawa and colleagues 
(Maeda et al., 1953). Azomycin had at-
tracted the attention of microbiologists 
because of its anti-anaerobe activity, par-
ticularly against the protozoan Tricho-
monas vaginalis. Although very active in 
vitro, azomycin had poor efficacy in ex-
perimental infections, which led several 
laboratories to try to synthesize more ac-
tive analogues. Since no synthetic route to 
2-nitroimidazoles was known, chemists 
focused on preparing 5-nitroimidazoles, 
one of which, metronidazole, became the 
first nitroimidazole to be used clinically.

In the hope that 2-nitroimidazoles 
might prove to be better drugs than 5-ni-
troimidazoles, we endeavored to obtain 2-
nitroimidazoles in two ways. At that time 
the origin of nitro groups in natural prod-
ucts was not known, but it was suspected 
that they derived from oxidation of amino 
groups. In accordance with this expecta-
tion, addition of [14C]2-aminoimidazole to 
cultures of Streptomyces sp. CE/3342 gave 
[14C]2-nitroimidazole in good yields (Lan-
cini et al., 1966). A general synthesis of 
2-aminoimidazoles containing alkyl sub-
stituents at various positions was devised 
(Lancini and Lazzari et al., 1965), and ad-
dition of 4(5)-alkyl-2-aminoimidazoles to 
cultures of Streptomyces sp. CE/3342 re-
sulted in formation of the corresponding 
4(5)-alkyl-2-nitroimidazoles. However, 1-
alkyl-2-aminoimidazoles were not trans-
formed into 1-alkyl-2-nitroimidazoles 
(Lancini et al., 1968).

Additionally, we devised a chemical 
method for converting 2-aminoimidazoles 
into the corresponding nitro derivatives 
(Lancini and Lazzari, 1968). Using alkyl 
derivatives of 2-aminoimidazole obtained 
by chemical synthesis, it was relatively 
simple to prepare numerous 1,4- and 1,5-
dialkyl-2-nitroimidazoles, as well as other 
derivatives. In animal experiments some 
of these compounds proved superior to 
the 5-nitroimidazoles already in clinical 

NovDec.indd   200NovDec.indd   200 11/20/06   6:04:25 PM11/20/06   6:04:25 PM



202 | November/December      

Feature

use (Cavalleri et al., 1977), but none of 
these 2-nitroimidazoles were tested clini-
cally due to projected development and 
marketing costs.

New ideas for antibiotic 
screening

In 1966 Piero Sensi was named Director 
of Lepetit Research Laboratories and I re-
placed him as Head of the Antibiotics and 
Natural Products Department.

Despite disappointing results from 
our Thermoactinomyces screening pro-
gram, an interest in screening rare acti-
nomycetes for novel antimicrobial prod-
ucts remained. At that time relatively few 
genera of rare actinomycetes had been de-
scribed, and there were no efficient meth-
ods for selecting them. The protocol ini-
tially employed in our laboratories was to 
examine colonies on isolation plates with 
a microscope and use a micromanipulator 
to pick strains displaying unusual mor-
phologies. This approach led to the dis-
covery during 1966-1967 of four new gen-
era (Thiemann et al., 1967a, b; Thiemann 
and Beretta., 1968; Thiemann et al., 1968) 

(Dactylosporangium, Planomonospora, 
Microtetraspora, and Planobispora) (Fig. 
5), but was far too laborious for routine 
screening. Only a few strains belonging to 
each new genus were isolated and though 
strains of other genera of rare actinomy-
cetes such as Streptosporangium were 
more frequently encountered, the process 
was too inefficient to support novel antibi-
otic discovery.

A method for mass isolation of un-
common actinomycetes was needed, i.e., a 
system capable of physically separating 
the pervasive streptomycetes from their 
much rarer actinomycete kin. One option 
was to exploit the fact that, unlike Strepto-
myces, some actinomycete genera produce 
motile spores. A very simple procedure 
was devised whereby soil samples were 
dispersed in water (containing a bacterial 
growth inhibitor) and subjected to low-
speed centrifugation; motile spore soon 
migrated from the pellet into the super-
natant, where they could be collected in 
large numbers (Pagani and Lancini, 1970). 
The system was particularly effective for 
isolating Actinoplanes spp., since colonies 
of this genus can be identified easily by 

shape, color, and the presence of charac-
teristic sporangia (Fig. 6). During 1971 
we isolated and cultured several thousand 
Actinoplanes strains. This enrichment 
technique was classified as “confidential” 
by Lepetit and never published by us, and 
I remain astonished that such a simple 
procedure was not rediscovered by other 
laboratories until years later (e.g. Makkar 
and Cross, 1982).

The hypothesis that rare actinomy-
cetes would produce novel antibiotics was 
confirmed by our observation that none of 
the active Actinoplanes strains we exam-
ined produced an antibiotic that had been 
isolated previously from a streptomycete. 
One of the first Actinoplanes products 
studied, purpuromycin, had broad-spec-
trum antibacterial and antifungal activi-
ties. Its biological properties were assessed 
in detail, and the chemical structure elu-
cidated (Coronelli et al., 1974), but the 
product did not enter clinical develop-
ment because of its very narrow therapeu-
tic window.

To identify extracts active on bacte-
rial metabolic pathways a relatively simple 
method was established using labeled 

Fig. 5 Hypha of Planobispora 

rosea bearing sporangia 

characteristic of this genus (1000x 

magnification).  (Photo provided 

by Ms. Grazia Beretta.) 
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precursors to determine which of several 
macromolecular processes was inhibited 
first in growing cells (White et al., 1972). 
Nowadays this is a commonly employed 
tool for screening fermentation broths 
and semi-purified extracts, but in the 
early 1970s it represented a novel screen-
ing method. Using this procedure we 
identified lipiarmycin (from “leap year,” 
the producing strain was identified on 
29 February 1972), a novel inhibitor of 
bacterial RNA polymerase (Coronelli et 
al., 1975) and the first example of a new 
class of macrolides that inhibits transcrip-
tion initiation. The activity of lipiarmycin 
towards Gram-positive bacteria was sen-
sitive to the pH of the culture medium 
[macrolide antibiotic activity often shows 
some pH dependence (Sabath et al., 1968; 
Barry and Fuchs, 1991)], and its high ac-
tivity against Streptococcus mutans led to 
its being considered for development as an 
anti-plaque agent, though Lepetit’s man-
agement declined to pursue this market.

By now the bottleneck in our screen-
ing programs was not the number of 
strains that could be isolated and cultivat-

ed, but the number of culture extracts that 
could be analyzed for structural novelties 
and antibiotic properties. We needed sim-
ple, rapid tests able to provide information 
about the antibacterial activity in unfrac-
tionated fermentation broths to avoid 
working up potentially toxic substances.

Cell wall biosynthesis was already a 
validated antibacterial target, and in 1965 
we had devised a simple procedure involv-
ing assay of spent media for antibacterial 
activity in the presence and absence of 
cell wall fragments; broths that were ac-
tive in the absence of bacterial cell wall 
fragments but inactive in the presence of 
these fragments were subject to further 
scrutiny. The test achieved some modest 
success during a streptomycete screen-
ing campaign, though only a few antibi-
otics among the numerous prospective 
inhibitors of cell wall biosynthesis could 
be detected in this manner. Moreover, the 
results of these tests were rarely straight-
forward and unambiguous. However, to 
this author’s knowledge, it was the first 
example of what has become known as 
“target-oriented screening,” which subse-

quently became an important strategy for 
microbial metabolite discovery.

At this point a more convenient assay 
to identify inhibitors of cell wall biosyn-
thesis in fermentation broths was devel-
oped (S. Somma, unpublished), which in-
volved determining antibacterial activity 
in parallel towards a S. aureus strain and 
an isogenic L-form [see Gumpert, 2005]. 
Broths active against the normal strain 
but inactive against the L-form were con-
sidered to contain an inhibitor of some 
step in cell wall biosynthesis. The combi-
nation of screening Actinoplanes strains 
(vide supra) and identifying natural prod-
ucts inhibiting cell wall biosynthesis led 
to the discovery of some interesting anti-
bacterial agents: gardimycin in 1971, the 
teichomycins in 1972, and ramoplanin in 
1975 (Figs. 7 and 8).

Gardimycin (later called “actagar-
dine”) was the first known example of a 
new group of lantibiotics characterized by 
their relatively small size and their mech-
anism of action (Coronelli et al., 1976; 
Zerilli et al., 1977)  [the second example, 
mersacidin, was described nearly 20 years 
later (Chatterjee et al., 1992)]. Gardimy-
cin is a very narrow-spectrum antibiotic 
produced by Actinoplanes garbadinensis; 
its activity is restricted largely to strepto-
cocci, though it proved surprisingly more 
effective at curing experimental infec-
tions than was predicted from its in vitro 
activity (Arioli et al., 1976). Gardimycin 
inhibits peptidoglycan biosynthesis by 
binding to lipid II (Somma et al., 1977). 
Years later a few semisynthetic deriva-
tives of gardimycin were found to have an 
extended spectrum of activity, including 
moderate activity towards enterococci; 
again, the therapeutic efficacies of these 
derivatives were greater than expected on 
the basis of in vitro tests (Malabarba et al., 
1990). None of these lantibiotics transited 
into commercial development due to lack 
of activity towards S. aureus, regarded 
as an essential Gram-positive bacterial 
target. Given their excellent tolerability, 
however, some semisynthetic lantibiot-
ics belonging to the gardimycin class still 

Fig. 6. SEM image of 

Actinoplanes sp. 21954 

sporangia (5000x 

magnification). (Photo 

provided by Dr. Giorgio 

Toppo.) 

NovDec.indd   203NovDec.indd   203 11/20/06   6:04:48 PM11/20/06   6:04:48 PM



204 | November/December      

Feature

actagardine (gardimycin)

H

S

S

S

S
O

OH

Ala

Ala

Ala

Ala
Ala

Ala

Abu

Abu

Abu

Ser

Gly

Gly

Glu

Trp Val
Val

Leu
Ile Ile

O OH
OH

OH
OH

OH

OH

OH

OH

HO

HO

HO

HO

HO

HO

NH

NH

NH

NH

NH NH

NH

NH

NH

NH2

NH2 NH2

HN

HN

HN

H2N

OH

H
N

H
N

H
N

N
H

N
H

O

O O
O

O
O

O
O O

O

O

O

O

O

OOOO

O

O
O

O O

O

Cl

ramoplanin (main component)

have a potential clinical role as highly ef-
ficacious, albeit extremely narrow-spec-
trum, antibiotics to treat infections caused 
by vancomycin-resistant enterococci.

Actinoplanes teichomyceticus pro-
duces several antibiotics, of which tei-
chomycin A2 (now called “teicoplanin”) 
was of particular interest. Teicoplanin is 
a member of an antibiotic complex whose 
five main components differ with respect 
to their fatty acid moieties (Bardone et al., 
1978; Borghi et al., 1984). It has a similar 
spectrum, properties, and mechanism of 
action as vancomycin (Pallanza et al., 1983; 
Somm et al., 1984); however, it showed bet-
ter pharmacokinetics, being therapeuti-
cally effective when administered i.v. once 
daily, in contrast to vancomycin which 
had to be administered i.v. every six hours. 
Teicoplanin was introduced into clini-
cal practice in several countries (Parenti 
et al., 2000), though its initial Food and 
Drug Administration (FDA) application 
was rejected and Hoechst Marion Roussel 
(the successor of Lepetit; vide infra) de-
clined subsequent invitations by the FDA 
to resubmit its application. Hundreds of 
derivatives of teicoplanin have been syn-
thesized, among which one in particular, 
mideplanin (formerly MDL 62,873) (Berti 
et al., 1992), seemed worthy of develop-
ment. With the appearance of very active 
semisynthetic derivatives of another gly-
copeptide, MDL 62,476 (known also as A 
40926), produced by an Actinomadura sp. 
(vide infra), efforts to develop mideplanin 
were abandoned.

Ramoplanin, produced by Actino-
planes sp. ATCC 33076 (Cavalleri et al., 
1984), is a complex of three components, 
each of which consists of a large cyclic 
peptide bearing an acyl chain (Ciabatti 
et al., 1989). Ramoplanin originally at-
tracted the attention of medical bacte-
riologists because of its excellent activ-
ity against Gram-positive organisms, 
including strains resistant to all anti-
biotics then available (Pallanza et al., 
1984). Ramoplanin proved highly active 
against anaerobes and was effective in 
curing experimental infections. It soon 

Fig. 7. Gardimycin and ramoplanin, two antibiotics produced by Actinoplanes strains.
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became evident that ramoplanin was not 
orally available and could not be admin-
istered parenterally due to severe toxicity 
at the site of injection. Subsequent clinical 
experiments indicated efficacy for ramo-

planin in the oral treatment of Clostridium 
difficile pseudomembranous colitis, and 
the drug is currently undergoing Phase 3 
clinical trials for this occasional side effect 
of conventional antibiotic therapy.

Activities: 1975-1983
In December 1974 Piero Sensi was pro-
moted to Director of Research and De-
velopment at Lepetit, and I was appointed 
Director of the Research Laboratories, 
which included, beside the Department of 
Antibiotics and Natural Products, the De-
partments of Organic Synthesis, Pharma-
cology, Toxicology, Medical Microbiology, 
and Physical Chemistry. Franco Parenti, 
who had led the strain isolation and fer-
mentation laboratory since 1972, was cho-
sen to head the Antibiotics and Natural 
Products Department while retaining his 
other position.

Screening

During this period different screening ap-
proaches were devised in an effort to in-
crease the probability of identifying novel 
microbial products with antibiotic activ-
ity. Since a medical need was perceived for 
agents to treat sexually transmitted dis-
eases, specific assays were implemented 
to reveal activities against neisseriae and 
chlamydiae. The assays were laborious 
and not always very informative; for tech-
nical and safety reasons preliminary tests 
were performed using model microorgan-
isms, and promising hits were retested on 
the pathogens of interest. No worthwhile 
products were discovered, and this screen-
ing program was terminated.

A miniaturized assay for detecting 
antitumor agents, based on the ability of 
culture filtrates to inhibit thymidine up-
take by tumor cell lines [cf. (Miyazaki et 
al., 1992)], was devised. Several inhibitors 
were detected, but no novel products with 
chemotherapeutic value were identified.

Screening for cell wall biosynthesis 
inhibitors using L-forms continued (vide 
supra), and a very effective test for iden-
tifying glycopeptide antibiotics was in-
troduced based on the ability of glycopep-
tides to bind to the D-Ala-D-Ala terminus 
of peptidoglycan precursors. A selective 
adsorbent for affinity chromatography of 
glycopeptides, D-Ala-D-Ala-agarose, was 
prepared (Corti and Cassani, 1985) and 

Fig. 8. Clinically effective glycopeptides: teicoplanin and dalbavancin

HO

HO
HO

HO

HO

HO
HO
HO

HO

HO
OH

OH
OH

OH
OH

NH

NH

NH

NH2

CH3
CH3

H3C
N
H N

H

H
N

H
NN

H

Cl

Cl

O
O

O O

O

O

O

O

O

O

O

OO

O
O

O

O

O

HO

HO
HO
HO

HO

HO
OH

OH
OH

OH
OH

NH

HN

NH

CH3

CH3

N
H N

H

H
N

H
NN

H

Cl
HO

O

O

O

O

O

O

O

O

OO

O
O

O

O

O

N
H

Cl
CH3

N

CH3
H3C

O

teicoplanin (main component)

dalbavancin (main component)

NovDec.indd   205NovDec.indd   205 11/20/06   6:05:02 PM11/20/06   6:05:02 PM



206 | November/December      

Feature

fermentation broths applied to small col-
umns of this matrix; elution with ammo-
nia solutions afforded semi-purified gly-
copeptide antibiotics. From about 2,000 
strains surveyed, over 70 (>3.5%) were 
found to produce glycopeptides, most of 
which turned out to be known compounds 
(Cassani, 1989). However, an interest-
ing new product, dubbed A 40926, which 
was as active as teicoplanin, was produced 
by an Actinomadura (later reclassified as 
a Nonomuraea) strain (Goldstein et al., 
1987). A 40926 turned out to be a complex 
of several components, each containing 
different fatty acids moieties (Waltho et 
al., 1987). Though this glycopeptide was 
not considered worthy of development, it 
was used successfully as a starting mate-
rial for the semisynthesis of many new ac-
tive products.

Origin of the acyl moieties of 
glycopeptide antibiotics

One of the functions of the fermentation 
laboratory was to improve production 
processes for antibiotics selected for clini-
cal development. For example, in con-
nection with the industrial production of 
teicoplanin it was necessary to establish 
how different factors affected the ratios of 
the various components in the teichomy-
cin complex. Studies on the origin of the 
acyl moieties indicated that the amount of 
each component was determined by the 
availability of the fatty acid constituting 
its acyl moiety. Moreover, these fatty ac-
ids did not arise by de novo biosynthesis; 
rather, linear acyl moieties derived from β-
oxidation of linear C18 acids present in the 
medium, whereas branched acyl moieties 
derived from β-oxidation of branched-
chain fatty acids in cell membrane lipids 
(teicoplanin contains an 8-methylnon-
anoyl moiety). On the basis of these re-
sults it became possible to increase (to 
some extent) the amount of any particular 
component of the teichomycin complex by 
adding to the medium either the specific 
precursor of a given branched fatty acid or 
a linear C18 saturated or unsaturated fatty 

acid (Borghi et al., 1991). 
We discovered that this mode of bio-

synthesis of acyl moieties was shared by 
ramoplanin (Lancini et al., 1988) and A 
40926 (Zerilli et al., 1992). We suggested 
that this is a general mechanism for the 
biosynthesis of the medium-size acyl moi-
eties present in many antibiotics.

1983: End of Lepetit’s research 
laboratories in Milan

Since 1964 Gruppo Lepetit S.p.A. had 
been a subsidiary of the Dow Chemical 
Company of Midland, Michigan. How-
ever, Lepetit’s ownership by the American 
chemical giant had little impact on anti-
biotic research, since Dow’s management, 
lacking experience in the pharmaceutical 
business, preferred to let Lepetit set their 
own research programs and priorities. In 
1980, after Dow acquired Merrell Phar-
maceuticals, Inc. of Cincinnati, Ohio, the 
center of gravity for decision making re-
lating to pharmaceuticals started shifting 
towards the United States. In 1983 Dow 
decided to shut down Lepetit’s research 
laboratories in Milan in order to con-
centrate pharmaceutical research at the 
Merrell site. The only pharmaceutical re-
search Dow permitted to continue in Italy 
was antibiotic discovery. The antibiotic 
screening staffs were offered an opportu-
nity to work in a new facility to be built 
in Gerenzano, 20 miles north of Milan. 
Because of bureaucratic delays the new fa-
cility was not completed until mid-1986. 
In the interim no new antibiotic screen-
ing was performed, enabling scientists to 
catch up on their paperwork, complete 
internal reports, and prepare manuscripts 
for publication. During this transition 
period I resigned my managerial position 
and returned to research as a Senior Scien-
tist at the Gerenzano Centre.

1986-1995: Lepetit Research 
Centre  in Gerenzano (LRCG)

Continuity between Lepetit’s laboratories 
in Milan and its new research centre in 

Gerenzano was ensured by the appoint-
ment of Franco Parenti as Director and by 
the transfer to Gerenzano of most of the 
personnel already working in antibiotic 
research. While the medical microbiol-
ogy group moved virtually intact from 
Milan to Gerenzano, most of the scientists 
responsible for strain isolation and fer-
mentation left Lepetit and were replaced 
by young microbiologists. Changes in the 
orientation of research were reflected in 
the hiring of biochemists and molecular 
geneticists. The LRCG was provided with 
a modern integrated information system 
and a pilot plant for process scale-up, in-
cluding large fermentation facilities, mod-
ern downstream processing equipment, 
and state-of-the-art chemical synthesis 
equipment.

Screening

Antibiotic screening at the LRCG focused 
on new targets, so considerable effort was 
invested in devising new tests for detect-
ing antibiotic activity and implementing 
these in high-throughput formats. There 
was a reduced emphasis on isolating novel 
microorganisms, on the assumption that 
new targets would, in any case, reveal new 
products (vide infra). Even so, actinomy-
cete isolation activities continued, and a 
program for retrieving soil fungi was add-
ed, with an emphasis on genera other than 
Penicillium and Aspergillus.

One of the new protocols introduced 
at Gerenzano was a screen for inhibitors 
of elongation factor EF-Tu, which tested 
whether a crude fermentation broth’s 
antibiotic activity could be reversed by 
addition of exogenous EF-Tu. In this man-
ner a novel antibiotic, GE2270, was iden-
tified. GE2270, a thiazolyl cyclic peptide, 
had excellent activity against Gram-posi-
tive organisms, anaerobes, and M. tuber-
culosis (Selva et al., 1991), and was very 
effective at curing experimental infec-
tions. However, attempts to formulate 
an acceptable injectable preparation of 
GE2270 were unsuccessful, precluding 
clinical development.
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A method was devised to screen for 
inhibitors of HIV protease using a recom-
binant protein mimicking the natural pro-
tease substrate, cleavage of which could be 
detected by ELISA. Several streptomycetes 
producing the peptidic aldehyde α-MAPI 
(microbial alkaline protease inhibitor) 
were found (Stella et al., 1991), as well as 
a strain producing two novel MAPI ana-
logues (Stefanelli et al., 1995).

Several tests based on enzyme inhibi-
tion or utilizing cell-free systems could not 
be applied directly to fermentation broths 
due to the frequent occurrence of interfer-
ing substances or enzymes (e.g., proteases 
or RNAses) in the broths. Therefore, spent 
media were treated with resins, followed 
by elution and solvent evaporation. This 
procedure was streamlined, miniaturized, 
and automated so that by the early 1990s 
crude fermentation broths were no lon-
ger tested.  All screening was performed 
on extracts, with robots handling most of 
the operations required for biochemical or 
microbiological assays.

Screening for inhibitors of bacte-
rial RNA polymerase identified a new 
cyclic peptide, GE23077, produced by an 
Actinomadura strain (Ciciliato et al., 
2004). While this compound was very 
active in cell-free systems, it was practi-
cally inactive towards all bacterial strains 
examined.

During this period the LRCG also 
functioned as a screening center for other 
therapeutic areas within Dow-Merrell 
(later Marion Merrell Dow), and screens 
for non-antibiotic substances were intro-
duced. One such screen, measuring the 
enzymic release of phosphate from β-glyc-
erolphosphate, aimed at detecting inhibi-
tors of L-myo-inositol-1-phosphate phos-
phatase, an enzyme thought to be involved 
in bipolar disorder. Out of 12,000 strains 
surveyed only six extracts, derived from 
strains of the Stachybotrys/Memnionella 
group of fungi, demonstrated the desired 
inhibitory activity, which turned out to be 
due to previously-described sesquiterpene 
metabolites (Stefanelli et al., 1966). In 
another screening campaign over 30,000 

microbial extracts were tested for inhibi-
tors of type-1 interleukin-1 receptor using 
a displacement assay with soluble inter-
leukin-1 receptor. Two active compounds 
were found, identified as niphimycin and 
flavipin (Stefanelli et al., 1997).

Our results raised serious questions 
about the validity of the supposition that 
novel assays would uncover novel metabo-
lites from highly exploited sources, since 
for the most part we were discovering 
novel (and often dubious) mechanisms 
of action for old compounds. A possible 
exception to this was novel compounds 
active in cell-free systems but inactive 
against whole cells, probably due to per-
meation problems, which had been over-
looked in previous antimicrobial screens 
utilizing whole cells.

Molecular genetics

The small group of molecular geneticists 
at LRCG was interested mainly in iden-
tifying the biosynthetic gene clusters en-
coding our promising antibiotics, with the 
aim of genetically manipulating the bio-
synthetic pathways to improve yields and 
possibly obtain new products by combina-
torial biosynthesis. Probing the non-ribo-
somal peptide synthetase (NRPS) genes 
of GE2270-producer Planobispora rosea 
demonstrated that this strain possessed 
many more NRPS genes than supposedly 
were needed for GE2270 biosynthesis. Ex-
tension of this search to other actinomy-
cetes revealed that most strains contained 
NRPS genes far in excess of the number 
presumably required for biosynthesis of 
the peptide antibiotics they were known 
to produce (Sosio et al., 2000a). This find-
ing has been confirmed by whole genome 
sequencing of Streptomyces strains, whose 
genetic information for encoding second-
ary metabolites is greater than the number 
of secondary metabolites that they pres-
ently are known to produce (Ikeda et al., 
2003).

A serious limitation to working with 
rare actinomycetes was the lack of effi-
cient methods for genetic manipulation. 

To overcome this hurdle, artificial chro-
mosomes were developed which could 
be shuttled between Escherichia coli and 
a streptomycete host amenable to genetic 
manipulation. Over 100 kb could be mo-
bilized into Streptomyces lividans using 
ESAC vectors (Sosio et al., 2000b). How-
ever, heterologous expression of entire 
gene clusters was not pursued further at 
LRCG.

Antibiotic modifications

A program devoted to chemical modifi-
cation of teicoplanin resulted in several 
derivatives with marginally improved 
properties, none of which were deemed 
worthy of clinical development. Some gly-
copeptide modifications, such as deacyla-
tion or demannosylation, were achieved 
by biological rather than chemical means. 
Although only a few derivatives were pre-
pared by precursor-directed biosynthesis, 
this technique appears to be of general 
utility for obtaining novel teicoplanins 
(and other glycopeptides) bearing novel 
acyl functionalities (Lazzarini et al, 1997) 
(vide supra).

A program devoted to the chemi-
cal modification of glycopeptide A 40926 
yielded a product initially called AA-1, 
then BI 397, which was more active then 
either teicoplanin or vancomycin (Mala-
barba et al., 1995), and which had a better 
pharmacokinetic profile; it was developed 
subsequently by other companies under 
the name “dalbavancin” (Fig. 8). Phase 3 
clinical trials of dalbavancin have been 
completed, and the product is awaiting fi-
nal FDA approval.

1996-1997: The LRCG is closed, 
Biosearch Italia is born

In May 1995 the Frankfurt pharmaceuti-
cal giant Hoechst AG acquired all of the 
pharmaceutical assets of Dow Chemi-
cal, including the LRCG. The next year 
Hoechst decided that the LRCG was not 
of strategic importance, since Hoechst al-
ready had two centers dedicated to natural 
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products research (in Frankfurt, Germany 
and Mulund, India) and one center (in Ro-
mainville, France) dedicated to anti-infec-
tives. Eventually a management buyout of 
the LRCG was agreed upon, and in Janu-
ary 1997 a new company, Biosearch Italia, 
was established. With the creation of Bi-
osearch Italia, the Lepetit Research Labo-
ratories formally ceased to exist, whereas 
Lepetit S.p.A. remained as a subsidiary of 
Hoechst.

Several characteristics of the old Lep-
etit laboratories survived in Biosearch Ita-
lia. Franco Parenti, who had left the LRCG 
in 1990 to assume managerial positions in 
Italy and elsewhere in Europe, returned to 
Gerenzano and joined Biosearch Italia to 
guide its research and business activities. 
Screening efforts were refocused on anti-
microbial targets and identifying inhibi-
tors of bacterial transcription, translation, 
and cell wall biosynthesis. The search for 
new actinomycete genera, an approach 
which Lepetit had pioneered and pursued 
for many years, was resumed at Biosearch 
Italia, in which the latest techniques of 
molecular biology were applied to strain 
characterization and analysis of DNA re-
covered from soil samples. As a result of 
these efforts several new genera have been 
described (Donadio et al., 2005). In 2003 
Biosearch Italia merged with the Ameri-
can firm Versicor, Inc. to become Vicuron 
Pharmaceuticals. In June 2005 Vicuron 
was acquired by Pfizer, Inc. in a deal val-
ued at close to US$2 billion. The future 
of the Gerenzano research laboratories 
remains unclear, though it is to be hoped 
that this treasure trove of knowledge and 
experience will not become dispersed and 
irretrievably lost.
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Brief biographies of some 
persons mentioned in the text

Melvin Calvin (1910-1997) American chemist. 
Nobel laureate. After receiving a Ph. D. 
in chemistry from the University of Min-
nesota in 1935, Calvin spent two years 
at the University of Manchester (U.K.). 
In 1937 he began his academic career 
at the University of California, Berkeley, 
and in 1946 he was appointed direc-
tor of the bio-organic chemistry group 
at the Lawrence Radiation Laboratory 
in Berkeley. The bioorganic chemistry 
group became the Laboratory of Chemi-
cal Biodynamics in 1960; in 1980, upon 
Calvin’s retirement, the laboratory was 
renamed the Melvin Calvin Laboratory. 
Calvin’s scientific interests focused on 
theoretical aspects of organic chemistry, 
particularly metal chelate compounds, 
though his major accomplishment, for 
which he was awarded the Nobel Prize 
in Chemistry in 1961, was the elucidation 
of the pathway of CO

2
 assimilation dur-

ing photosynthesis.

Roberto Giorgio Lepetit (1842-1907). French 
chemist (Italian citizen since 1886). After 

studying under Théophile-Jules Pelouze 
in Paris, Lepetit moved to Basel where, 
working at the Dolfuss Chemical Com-
pany, he synthesized two new, impor-
tant dyes.  In 1868, Lepetit established 
the firm “Legoda” (Lepetit + Dolfuss + 
Gansser) in northern Italy to produce 
tannins, dyes, inks, and other chemi-
cals. Original production processes de-
veloped at Ledoga led to its becoming 
a leading Italian chemical company. In 
1875 Lepetit published “Manuale del 
Tintore” (“Dyer’s Manual”). He devised 
an innovative process for extracting 
high quality tannins from chestnut 
wood, which led to their use in the tan-
ning industry.

Roberto Lepetit (1865-1928) Italian chemist, 
son of Roberto Giorgio Lepetit. Lepetit 
graduated from the ETH (Zürich) in 1885 
and gained professional experience in 
various European chemical companies 
before joining  Ledoga as “Head Chem-
ist” in 1893, eventually becoming Sci-
entific Director. In addition to Ledoga’s 
traditional product line, Lepetit pursued 
research on medicinal chemistry and es-
tablished a Pharmaceutical Department 
that was the precursor of the pharma-
ceutical company Lepetit S.p.A. Lepetit 
was a discoverer of the “Bucherer-Lepetit 
reaction” (interconversion of β-naphthol 
and β-naphthylamine), used widely 
for the synthesis of dyes. Lepetit was a 
founder and first president of the Italian 
Association of Chemists and Tanners, 
and in 1923 was appointed Professor of 
Medicinal Chemistry at the University of 
Pavia.

Francesco Parenti (1940- ) Italian biologist. 
A 1963 graduate of the University of Mi-
lan, Parenti began his academic career 
at the same university, then worked at 
the Smithsonian Institution (Washing-
ton, D. C) and Yale University before be-
ing appointed an associate professor at 
the University of Bari. In 1972 he joined 
Lepetit as head of the fermentation 
laboratory, and in 1974 became head 
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of the Antibiotics and Natural Prod-
ucts Department. Parenti made essen-
tial contributions to the development 
and commercialisation of teicoplanin. 
In 1985 he was named Director of the 
LGRC; in 1990 he left research to become 
General Director of Lepetit S.p.A. and in 
1992 was appointed General Director of 
Marion Merrell Dow Europe Inc. In 1995 
Parenti returned to Gerenzano as an Ex-
ecutive Officer and Research Director of 
Biosearch Italia. Although formally re-
tired since 2005, he remains active as a 
consultant to important financial enter-
prises.

Vladimir Prelog (1906-1998). Swiss chem-
ist. Born in Sarajevo (then part of the 
Austro-Hungarian Emprie), Prelog at-
tended a gymnasium in Zagreb, then 
studied chemistry at the Czech Institute 
of Technology in Prague, from which he 
graduated in 1929. Prelog worked in the 
small chemical laboratory of the firm 
G. J. Dríza in Prague until 1935, when 
he became a lecturer at the University 
of Zagreb. During the German occupa-
tion of Yugoslavia his situation became 
untenable, and in 1941 he was invited 
by Prof. Dr. Leopold (Lavoslav) Ružička 
(Nobel Prize in Chemistry, 1939) to join 
the Organic Chemistry Laboratory at 
the ETH in Zürich. Starting as assistant 
professor, Prelog was promoted to full 
professor in 1952 and Head of the Labo-
ratory in 1957. In 1959 Prelog became a 
Swiss citizen but spoke of himself as “a 
Swiss patriot and a world citizen.” While 
pursuing research on natural products, 
stereochemical problems emerged con-
tinuously, which aroused his interest in 
chirality and its relevance to enzyme-
catalyzed reactions. Prelog was awarded 
the Nobel Prize in Chemistry in 1975 “for 
his research into the stereochemistry of 
organic molecules and reactions.”

Piero Sensi (1920- ) Italian chemist. Graduat-
ed from the University of Naples in 1944 
with a degree in physical chemistry. His 
first working experience involved syn-

thesis of new dyes at the Italian chemi-
cal company Montecatini. In 1950 Sensi 
joined Lepetit, where he established 
the Physical Chemistry Laboratory, 
which at the time was equipped with 
the most modern spectroscopic tools. 
Sensi devised industrial processes for 
the recovery and purification of tetracy-
cline and novobiocin from fermentation 
broths, and helped organize the antibi-
otic screening program; in 1956 he was 
appointed Head of the Antibiotics and 
Natural Products Department. Sensi’s in-
ternational reputation was established 
with the discovery of the rifamycins. In 
1966 he was named Director of Lepetit’s 
Research Laboratories which, under his 
leadership, grew in size and scientific 
excellence. In 1974 he was appointed Di-
rector of Research and Development at 
Lepetit, during which time he continued 
his scientific activities, giving lectures 
and contributing to important treatises 
on medicinal chemistry. Sensi taught 
Industrial Microbiology at the University 
of Milan, and upon his retirement from 
Lepetit in 1978 he was appointed to a 
professorship at that university.
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