
Enhancement of validamycin A production by addition of ethanol in fermentation
of Streptomyces hygroscopicus 5008

Wen-Wen Zhou a, Ben Ma b, Ya-Jie Tang c, Jian-Jiang Zhong b, Xiaodong Zheng a,⇑
a School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, Zhejiang, China
b School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China
c Key Laboratory of Fermentation Engineering (Ministry of Education), Hubei University of Technology, Wuhan 430068, Hubei, China

a r t i c l e i n f o

Article history:
Received 18 February 2012
Received in revised form 31 March 2012
Accepted 31 March 2012
Available online 5 April 2012

Keywords:
Validamycin A
Ethanol addition
Streptomyces hygroscopicus
Secondary metabolite
Fermentation technology

a b s t r a c t

The effect of ethanol on the production of the important agro-antibiotic validamycin A (Val-A) in
medium containing agricultural by-products was investigated. Under the optimal condition of ethanol
addition, the maximal Val-A production titer reached 18 g/L, which increased by 60% compared to the
control. To provide an insight into cell response to ethanol, the intracellular reactive oxygen species
(ROS), gene transcription and enzyme activity were determined. Intracellular ROS as the molecular
signal was increased in the ethanol condition. Global regulators afsR and glnR were involved in regulation
of Val-A biosynthesis, and the transcription of eight Val-A structural genes was enhanced. The activity
of glucose-6-phosphate dehydrogenase (G6PD) was enhanced while glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was inhibited. A signal transduction cascade from cell signal response to activated
transcription of Val-A biosynthetic genes and enhanced antibiotic production is proposed. The informa-
tion can be helpful for the improvement of large-scale fermentation.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Species in the gram-positive bacterial genus Streptomyces syn-
thesize many secondary metabolites, such as germicides, immuno-
suppressants, pesticides and hydrolases, and more than half of
reported antibiotics are produced by Streptomyces. Validamycin A
(Val-A), called jinggangmycin in China, an extracellular secretion
produced by Streptomyces hygroscopicus var. jinggangensis 5008, is
an anti-fungal aminocyclitol antibiotic with high protection effi-
ciency and safety to human and animals. It has been widely used
as a primary control reagent against sheath blight disease of rice
and wheat plants, false smut of rice and damping-off disease in
cucumber and cotton seedlings in East Asia, especially in China.
Val-A can be used not only as an agricultural pesticide but also
as the synthetic precursor of voglibose and acarbose – two impor-
tant medicines to treat diabetes (Yu et al., 2005). Due to the wide
use of Val-A, the whole gene cluster responsible for Val-A biosyn-
thesis in S. hygroscopicus 5008 was cloned, which was composed of
eight genes located in three operons, valABC, valKLMN and valG (Bai
et al., 2006).

Over the past four decades, attention was paid to enhancing
Val-A production by strain screening and medium optimization.
Previous reports showed that Val-A fermentation was sensitive

to some environmental factors, especially temperature and non-
nutritional stresses (Liao et al., 2009). Alcohols can affect second-
ary metabolism by changing the membrane structure, affecting
steady-state growth and regulating related genes and carbon
metabolism (Chatterjee et al., 2006). In Oenococcus oeni, the pres-
ence of ethanol triggers the increase of glutathione reductase,
which consumes NADPH, suggesting that maintenance of the redox
balance may be related to ethanol adaptation. Additionally, a large
increase of dTDT-glucose-4,6-dehydratase and D-alanine:D-alanine
ligase, which are known to be involved in cell wall biosynthesis,
can also be observed (Silveira et al., 2004). Besides, some citrate
pathway genes, such as citE, ackA and alsD, reveal a distinctive
transcriptional response in the presence of ethanol (Olguin et al.,
2009). Alcohol stress has components common to other stress re-
sponses, including metabolite transport and biosynthesis (malE
and opp operon), perturbation of respiratory functions (nuo and
cyo operons), oxidative stress (sodA, sodC and yqhD), and heat shock
and cell envelope stress (rpoE, clpB, htpG and cpxR) (Rutherford
et al., 2010). However, there is little information about the effects
of alcohols on intracellular signal, gene expression, enzyme activity
in antibiotic biosynthetic pathways, which is of great value to
improve antibiotic fermentation technologies and reduce production
costs.

In this report, the effects of external ethanol addition on Val-A
biosynthesis by S. hygroscopicus 5008 were investigated. Different
addition concentrations and addition times of ethanol brought a
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