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Fleming’s penicillin producing strain is not Penicillium chrysogenum but  
P. rubens

Jos Houbraken1 1
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Abstract: Penicillium chrysogenum is a commonly occurring mould in indoor environments and foods, 

of the most important penicillin producing P. chrysogenum isolates revealed the presence of two highly 
supported clades, and we show here that these two clades represent two species, P. chrysogenum and 
P. rubens P. chrysogenum 

P. rubens does not produce 

P. chrysogenum P. rubens
P. rubrum
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INTRODUCTION

Penicillium chrysogenum is a commonly occurring mould 
in indoor environments such as dust, indoor air, and damp 

et al.
P. chrysogenum is 

much attention for its use in the production of the antibiotic 
et al.  The taxonomy of this species 

accepted four species in the “Penicillium chrysogenum 
P. chrysogenum, P. notatum, P. meleagrinum, and  

P. cyaneofulvum et al.
this series as one broad species and did not accept Raper and 

P. chrysogenum
have been included in Penicillium series Chrysogena, such 
as , P. nalgiovense, and P. dipodomyis
et al. et al
and these species are clearly different from P. chrysogenum 

et al
et al.

et al
P. chrysogenum

However, that study mainly focused on indoor isolates and 
did not link the synonyms of P. chrysogenum

Penicillium chrysogenum
but the name P. chrysogenum is predated by P. griseoroseum, 
P. citreoroseum, and P. brunneorubrum, which were described 

P. griseoroseum 
and P. chrysogenum P. citreoroseum and  
P. brunneorubrum with P. griseoroseum. However, 
morphological, physiological and extrolite data showed 

P. chrysogenum 
et al.  

P. chrysogenum is a widely used name, Frisvad et al
et al

preserve the name P. chrysogenum
name P. griseoroseum with its synonyms P. citreoroseum, 
and P. brunneorubrum

 
P. chrysogenum is currently listed as nomen conservandum 

et al.

most common clades in P. chrysogenum sensu lato
et al
we have studied the most important strains in the history of 
penicillin production by combining extrolite and molecular 
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MATERIAL AND METHODS

Strains
An overview of Penicillium chrysogenum strains used 

inoculations of these strains were made in order to study 

et al

MEA or OA and microscopical features were studied by light 

Molecular analysis

to the method described by Houbraken et al. 

alignments were combined and maximum likelihood analysis 

was used for all three partitions and individual per partition 

et 
al

Penicillium griseofulvum

Extrolite analysis

UV spectra and retention times of the extrolites with those of 

RESULTS

Phylogenetic analysis
The structure of the partitions of the alignment was as follows: 

Table 1. Overview of Penicillium chrysogenum and P. rubens

No. Other collection no. Name Substrate, locality Remarks

 P. chrysogenum Unrecorded source Ex-lectotype of P. griseoroseum

T  P. chrysogenum Cheese, Storrs, Connecticut, USA Ex-lectotype of P. chrysogenum

P. chrysogenum Fungal growth on ceiling of archive, 

P. chrysogenum
Canada study of Scott et al

 P. chrysogenum Branches of Hyssopus Ex-type of P. notatum

P. rubens Must contaminant, Belgium The strain first used for 
producing penicillin in 

 P. rubens Culture contaminant in bacterial 
producing strain

P. rubens Cap of beer bottle, Belgium
T P. rubens Unrecorded source Ex-lectotype of P. rubens

 P. rubens Mouldy
USA most high yielding penicillin 

producing strains

P. rubens Mouldy
USA
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which the associated taxa clustered together in the bootstrap 

clades in Penicillium chrysogenum sensu lato

centered around the ex-type strain of P. chrysogenum
P. notatum

P. griseoroseum

around the ex-type strain of P. rubens
type 

0.01 

P. rubens CBS 205.57, Fleming’s penicillin producer 

P. rubens CBS 307.48, Wisconsin strain wild-type 

P. rubens Wisconsin 54-1255, full genome sequenced strain 

P. rubens CBS 197.46, first strain used for submerged penicillin production 

P. rubens, NRRL 792T, ex-lectotype 

P. rubens DTO 95E9  

100/99 

P. chrysogenum CBS 355.48, type of P. notatum 

P. chrysogenum DTO 87I2  

P. chrysogenum DTO 102B4  

P. chrysogenum  NRRL 820, ex-lectotype of P. griseoroseum 

P. chrysogenum CBS 306.48T, ex-lectotype 
73/- 

100/93 

100/99 

P. flavigenum CBS 419. 89T  

P. confertum CBS 171.87T  

P. mononematosum CBS 172.87T 

100 
99 

100/99 

P. dipodomyis CBS 110412T  

P. nalgiovense CBS 352.48T 

P. persicinum CBS 111235T 

P. aethiopicum CBS 484.84T  

P. griseofulvum CBS 185.27T  

100/99 

Fig. 1.
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et al.

evidently represent two different species, P. chrysogenum 
and P. rubens

Phenotypic and extrolite analysis

characters of strains of the Penicillium rubens and  
P. chrysogenum

characteristics, such as good growth and sporulation on 
YES agar, weak or moderate growth on CREA with poor 
acid production and large clear or yellow coloured exudate 

of P. notatum
P. rubens

Extrolite analysis differentiated the P. chrysogenum and 
P. rubens clades. An overview of extrolites produced by 
these species, with emphasis on the important strains in the 

that P. chrysogenum
et al  

P. rubens

TAXONOMY

Penicillium chrysogenum Thom, Bull. Bur. Anim. Ind. 
USDA 118

Synonyms: Penicillium griseoroseum Dierckx, Ann. Soc. Sci. 
Brux. 25
Penicillium citreoroseum Dierckx, Ann. Soc. Sci. Brux. 25

Penicillium brunneorubrum Dierckx, Ann. Soc. Sci. Brux. 25: 

Penicillium notatum Ark. Bot 11

Type: USA: Connecticut C. 
Thom

Penicillium rubens Biourge, La Cellule 33

Type: Unrecorded source, P. Biourge
lectotypus hic designatus

Penicillium chrysogenum has, in addition to the species 
names mentioned above, also various other synonyms 

et al
include P. meleagrinum P. cyaneofulvum 

P. chlorophaeum P. roseo-
citreum P. camerunense
P. chrysogenum brevisterigma

P. aromaticum microsporum  
P. harmonense P. verrucosum cyclopium 

P. chrysogenum 
fulvescens” Takashima et al.

more detailed molecular or extrolite analysis is needed to 
properly place these species in either P. chrysogenum,   
P. rubens, or other currently unrecognised species belonging to  
P. chrysogenum sensu lato

Table 2 Penicillium chrysogenum and P. rubens strains studied, with a focus on the important strains for the history of 

No. Other collection no. Name Extrolites
T P. chrysogenum

secalonic acid F, sorbicillins

P. chrysogenum -
fortine C, secalonic acid D, sorbicillins

P. chrysogenum

P. chrysogenum
secalonic acid D, secalonic acid F

P. rubens
sorbicillins

T P. rubens

P. rubens
sorbicillins

P. rubens
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Fig. 2. Penicillium rubens A–C. A. B. C. D–H. 
I.
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Fig. 3 Penicillium rubens A–C. A. B. C. D–H. I.  Bars 
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DISCUSSION

Identity of Fleming’s original penicillin-
producing strain

the original penicillin-producing strain as “Penicillium rubrum 

Penicillium rubrum
current study shows that the correct name of this strain is P. 
rubens

P. rubrum
accurate:
1. P. rubrum, but 

this was a lapsus for P. rubens rubrum 
means “red rubens “to be red

yellow and red-brown reverse colours have been 
observed in P. chrysogenum sensu lato and in the true 
P. rubrum P. purpurogenum
species clearly differ in micro-morphology from each 

 
P. meleagrinum and reddish colours are part of the names 
of synonyms of P. chrysogenum sensu lato, such as  
P. citreoroseum, P. roseocitreum, P. brunneorubrum, and 
P. griseoroseum

2. 
strain as P. rubrum based on the taxonomic schemes 

on Penicillium

Penicillium rubrum  
“P. rubrum

Les Radiés, 
Radiata P. chrysogenum 
and the species P. griseoroseum, P. cyaneofulvum,  
P. brunneorubrum, P. notatum, P. citreoroseum, and  
P. baculatum, which are currently all listed as synonyms 
of P. chrysogenum
“P. rubrum
of P. rubrum is very similar to that of P. chrysogenum 

P. rubrum 

his description of P. rubrum
connection between P. rubrum sensu 
Biourge and P. rubens

P. rubens

P. rubrum

accurate at that time and not incorrect as claimed in 

P. rubrum that the species was a common laboratory 

Name changes of Fleming’s penicillin-
producing strain

Penicillium 
rubrum P. notatum

undertook to identify the mold from the literature and 
selected the name Penicillium rubrum
However, the authority name Biourge is not mentioned in 

if he had named it “Penicillium rubrum
Stoll sensu et al
broadened the concept of P. chrysogenum and placed  
P. notatum

et al

P. chrysogenum
the correct name of this strain is P. rubens

Origin of the Fleming strain

were Penicillium chrysogenum and P. rubens. Furthermore, 

common Penicillium et al et 
al

et al

they were working in the same building and Fleming always 
P. rubens and P. 

chrysogenum produce penicillin, and in that respect it is not 
surprising that P. rubens

P. rubens

Current taxonomy and implications
Penicillium 

chrysogenum sensu lato
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in P. chrysogenum was described by Scott et al
P. chrysogenum, and lineage 

P. rubens
et al

P. rubens
advantage over other lineages to exploit human-associated 

investigation of distribution patterns of members of this group 

 
P. rubens, and this shows that there is as yet no strain of  
P. chrysogenum sensu stricto
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