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Saccharomonospora azurea SZMC 14600 is a member of the family Pseudonocardiaceae exclusively 
used for industrial scale production of primycin a large 36-membered non-polyene macrolide lactone 
antibiotic belonging to the polyketide class of natural products. Even though maximum antibiotic yield 
has been achieved by empirically optimized two-step fermentation process, little is known about the 
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tify differentially expressed proteins (DEPs) between the pre- and main-fermentation stages of primycin, 
comparative 2D-PAGE experiments were performed. In total, 98 DEP spots were reproducibly detected, 
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antitoxin system (EHK86651), to a nucleoside diphosphate kinase regulator ((Ndk; EHK81899) and two 
other proteins with unknown function (EHK88946 and EHK86777).

Keywords: Differentially expressed proteins – HicB-family protein – primycin – Saccharomonospora 
azurea – two-dimensional protein gel electrophoresis

INTRODUCTION

As the problem of antimicrobial resistance becomes more widespread, the need for 
new anti-infective agents is more urgent than ever [20]. Actinomycetes are known as 
��	� ��� �$	� ���� �����=����� 
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��������	���=	��F0��01J8 Our previous study demon-
strated that Saccharomonospora azurea SZMC 14600 strain has an enhanced ability 
to produce primycin, a non-polyene macrolide lactone antibiotic [11). This heat sta-
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by Vályi-Nagy et al. [18]. Primycin (primycin sulphate) is an active ingredient of 
Ebrimycin gel that has been successfully applied to prevent the bacterial infection of 
surface traumas and burned tissues. Comparative in vitro �	&��,	��������������$	�	�=-
cacy of primycin clearly demonstrated that the antibiotic possesses high activity 
against the most frequent Gram-positive pathogens including some multi-drug resist-
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ant strains, without remarkable resistance development [8]. To get a deeper insight 
into the bioactive natural products metabolism of S. azurea SZMC 14600 whole-
genome sequencing was performed [5]. The genome project clearly demonstrated that 
S. azurea is a 
����=�������	 of structurally diverse secondary metabolites, however, 
the in silico information was not tied to products in the laboratory until now. In order 
to further support our structural genomic data, in this pilot study a proteomics 
approach was performed. Two-dimensional protein gel electrophoresis (2-DE) fol-
��:	��.���!���&�<`������
	����	������
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in-depth-analysis for understanding complex biological process of microbial second-
ary metabolism [4]. Our preliminary comparative proteomic study of S. azurea culti-
vated sequentially in pre- and main-fermentation medium revealed considerable 
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expressed and clearly detectable proteins a nucleoside diphosphate kinase regulator, 
one of the HicB-family proteins, and two proteins with unknown functions were 
��	���=	�8
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Saccharomonospora azurea SZMC 14600 freeze-dried stock cultures maintained at 
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��	����� ����� ���� /80¡� +:a,6� f%2PO4 (pH 9.5). The submerged MF cultures were 
incubated for 5 days on a rotary shaker (200 rpm) at 28 °C.

Soluble proteins were extracted from 300 mg fresh weight of mycelia mats as 
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taining 250 μg of total protein were mixed with rehydration buffer. Isoelectric focus-
ing of rehydrated protein samples were performed on 7 cm IPG Strips (pH 3–11, 
Bio-Rad) at 250 V for 15 min (rapid voltage ramping), at 4000 V for 1 hour (linear 
voltage ramping), at 4000 V for 15 hours (rapid voltage ramping). Finally, in order to 
avoid potential artefacts and to prevent diffusion of focused proteins, a hold step was 
maintained at 500 V until the run was stopped. After focusing, the IPG strips were 
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gels, stained with Coomassie Brilliant Blue (Sigma-Aldrich). Gel images were cap-
tured by AlphaImager high performance gel documentation system (Protein Simple, 
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Prodigy SameSpots 2D software-package (Xpedition version 1.0, Alpha Innotech) 
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according to the manufacturer’s instructions. The normalized volume intensity was 
used for comparison between groups. The spots whose normalized volume intensity 
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pendent biological replicates were performed under each condition (cultivation on 
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Four of the differentially expressed protein spots were excised from the gel and 
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tion containing 50 mM NH4HCO3. The disulphide bonds of cysteines were reduced 
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solution. The gel pieces were dehydrated at room temperature by a Speed Vac 
Concentrator (Speed Vac Plus, SC100A, Savant) and proteins were in-gel-digested in 
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the MASCOT PMF database search software (www.matrixscience.com., Matrix 
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MSDB, Swiss-Prot and NCBI non-redundant protein databases. The search parame-
ters were set as follows. Two missed cleavages were allowed; carbamidomethyl was 
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	���	���������	�����.��	����S. azurea SZMC14600 was also 
applied. Virtual protein patterns corresponding to the genomic data were generated by 
JVirGel 2.0 software [10]. All experiments were performed in triplicate. 
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Proteomics techniques based on two-dimensional gel electrophoresis are capable of 
simultaneously separating thousands of proteins from a single organism. Our com-
parative whole genome analysis of S. azurea SZMC14600 revealed 4554 potential 

���	�����������	�	���������$	�(/4�+Z81¡6�:	�	�������	�	����,��,	������$	��	��-
lation of secondary metabolism, transport and metabolic processes (unpublished 
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a vast majority of proteins were separated in the molecular mass range of 10–88 kDa 
and had a pI range of 4.0–7.0 is in good agreement with previously published data 
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to MF revealed 39 and 43 newly appeared (up-regulated) protein spots, respectively 
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Fig. 1. Two-dimensional gel electrophoresis images of the total proteins from high primycin producer S. 
azurea Q��"�0Z�5//����:����-�!6����	������6�c�	&�	�	��������	����+c`6��"6�����&�	�	��������
medium (MF). The presence of newly appeared protein spots, which were detectable in all gels are indi-
cated by small black dots (B, C). Individual peptide spots (C) are numbered accordingly: 1. HicB-family 

protein; 2. Nucleoside diphosphate kinase regulator; 3. and 4., unknown proteins
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(Fig. 1B, C). In this pilot study, four of the MF medium induced peptide spots  
(Fig. 1C), that may be involved in enhancing the production of primycin were excised 
���� ������	�� ������ �!���� �<`� ���� �
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charged monoisotopic peptide masses were searched against MSDB, Swiss-Prot and 
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proteins, a nucleoside diphosphate kinase (Ndk) regulator and two other unknown 
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a HicB protein (antitoxin for the HicAB toxin-antitoxin system) in parallel with the 
enhanced primycin synthesis during the second phase of fermentation process.

DISCUSSION

It is widely accepted that bacterial secondary metabolism usually starts in the station-
ary phase of cell growth (idiophase) when cells encounter adverse environmental 
conditions, as represented by depletion of essential nutrients or the presence of dif-
ferent stress stimuli. Genomics-based technologies, including whole genome 
�	7�	������� ��������
��	�� 
���	�	�� ���� 	��.���	� 
��=������ ���	�$	�� :��$� in 
silico modelling and simulation, have become vital tools in the recently evolved 
industrial system biology [13].
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tems [14], several chromosomally located TA systems have been studied, however, 
their biological functions are still under debate [6, 12]. Chromosomal TA systems are 
������	�	��������	��������=	�������=,	���
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action of the antitoxin [9]. Although type II TA systems are probably the most abun-
dant and the best described class of TA systems, little is known about the roles of 
HicAB protein homologs of Gram-positive bacteria [2, 7]. In type II class, the anti-
toxin is a small protein capable of blocking the toxin’s disruptive behaviour by direct 
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HicB antitoxin was detected exclusively in late stage of the antibiotic fermentation 
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Spot’
number ��	���=	��
���	�� Protein ID Score Calculated

MW (Da) pI
Fold change 

�`ac`
P

value

1 HicB-family protein EHK86651 107 19158 – 6.54 0081Ð(8)  0.009

2
Nucleoside 
diphosphate kinase 
regulator

EHK81899  46 16000 – 5.13 � 58)Ð080  0.036

3 Unknown protein EHK88946  70 15933 – 6.80 0)8'Ð/8' <0.001

4 Unknown protein EHK86777 106 18065 – 8.19 0Z8)Ð/8* <0.001
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process underscore the hypothesis that TA systems could play a role in secondary 
metabolite production activated by nutrient starvation or other forms of environmen-
tal stresses. 

Additionally, three differential protein spots were found related to the main-fer-
mentation step (Table 1). Spots 3 and 4 (Fig. 1B) represent predicted proteins with 
unknown functions, while the spot 2 corresponds with the nucleoside diphosphate 
kinase regulator protein. Ndk is a major housekeeping enzyme in the production of 
d�c�������d�c���$�����	������	����������d!a#d!�����$	������	�����,���������-
romolecular metabolism and growth, thus Ndk is important in the regulation of sta-
tionary phase survival of the bacterial cells [3].

��X	�� ���	�$	��� ���������� ��� ���� .	��� X��:�	��	�� �$��� ��� �$	� =���� �	
���� :$��$�
offers proteomic insight into the primycin fermentation process of S.  azurea SZMC 
14600.

!����=������	
������	��	�����
�����:��X@�:���������	&����	�	�
	��	�����	�$����
���$��$&�	���������
���	����	
������������
���	�	�������
	
���	�����=��	�
��������
��	���=	��
���	����:	�	��
���b	�8�<���
�����������.��	�����Q�Q&c!>�������:	��.��
�!���&�<`������
	����	�����	,	��	�������=���������	�	��	�����
���	���
��=�	��
between the two stages of primycin fermentation process, however, further studies are 
required to clarify the potential role of these proteins. 
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�	�	������	���=��������.����������	�����	������$	�51/th anniversary of the foundation of University of 
Pécs, Hungary.
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