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Shen San-Chiun (1917-2021) (Fig. 1) is a well-known microbial
biochemist and molecular geneticist in China. He was elected
as a member (academician) of the Chinese Academy of Sciences
in 1980. Since studying and returning to China, he has succes-
sively worked at Zhejiang University and Shanghai Institute of
Microbiology, Chinese Academy of Sciences. Due to the changing
needs during the development of the country, Shen San-Chiun
resolutely changed his career, specializing in the research of aur-
eomycin synthesis and bacterial nitrogen fixation. In the early
1950s, Shen San-Chiun proposed a method for the mass produc-
tion of aureomycin, making China the fourth country capable of
producing this important tetracycline-class antibiotic. In 1960,
Shen San-Chiun’s team discovered that the substance in Bacillus
subtilis that changes the genetics of penicillin is RNA (Shen San-
Chiun et al,, 1960). Since 1973, Shen San-Chiun turned to research
on the structure and regulation mechanism of nitrogen-fixation
genes, and in 1977, he published a paper denying the interna-
tional authoritative view of “silent regions existing between
genes” (Hsueh et al, 1977). It is commendable that Shen San-
Chiun always adhered to his original intention, cared about the
development of genetics in China, and cultivated many talents
for the country. Ultimately, his work also led to the establish-
ment of the State Key Laboratory of Plant Molecular Genetics in
1986, which made significant contributions to the development of
molecular genetics in China (Xiong, 2014).

Study and work experience

Shen San-Chiun was born in Wujiang, Jiangsu, and his family had
a long tradition of reading books. In 1931, Shen San-Chiun was
admitted to Wujiang Middle School and later studied at Suzhou
Agricultural School in Jiangsu Province. In 1937, he was admit-
ted to Nanjing University. Unfortunately, at that time, East China
was a war zone, and Shen San-Chiun had to move westward with
the university, successively fleeing to Anhui, Hubei, and later
Guangxi. During his time at the College of Agriculture, Guangxi
University, under the guidance of Chang Chao-Chien and Yu

Ching-Jang, Shen San-Chiun transferred to the National South-
West Associated University in 1939, where he studied under
Professor Chang Chin-Yuch, during which time he developed an
interest in genetics. In 1947, Shen San-Chiun went to California
Institute of Technology, the birthplace of “molecular genetics,” to
study under the tutelage of Norman Horowitz, and received his
Ph.D.in 1950 (Shen San-Chiun, 2009).

On the way back from his studies, Shen San-Chiun was detained
by the USA occupying forces in Tokyo, which greatly complicated
his return to China (Fig. 2). Nevertheless, he remained true to
what he was thought, kept in mind his responsibility to China,
and finally overcame all difficulties and returned to the main-
land. In the early days of returning to China, Shen San-Chiun
taught at Zhejiang University and later transferred to the Plant
Physiology Laboratory in Shanghai in 1952 (independently estab-
lished as the Institute of Plant Physiology, Chinese Academy of
Sciences in 1953), focusing on aureomycin (Shen San-Chiun,
2002). In 1978, Shen San-Chiun turned toward research on bacte-
rial nitrogen fixation and opened a new field of bacterial nitrogen
fixation in China. In 1981, Shen San-Chiun was formally elected
as a member (academician) of the Department of Biology, Chinese
Academy of Sciences.

Achievements of aureomycin development
in China

In the early 1950s, when foreign antibiotics were widely used
and mass produced, domestic research on antibiotics in China
was in its infancy. Since Duggar discovered aureomycin in 1945,
the technology has been monopolized by the USA, the UK, and
Italy, while the supply and demand of domestic antibiotics had
become increasingly unbalanced. In 1952, the national authori-
ties convened a symposium on antibiotic research and drew up a
plan, which clarified the primary goal of mass production of pen-
icillin, as well as the completion of the development and mass
production of chloramphenicol, streptomycin, and aureomycin,
while Shen San-Chiun was mainly responsible for research on
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Figure 1. Shen San-Chiun.

Figure 2. Shen San-Chiun (left), Lo Shih-Chun (middle), and Chao
Chung-Yao (right) during detention in Japan.

the structure and synthesis mechanism of aureomycin (Niu,
2010).

Although Shen San-Chiun was not fully prepared for antibi-
otic research, he accepted Yin Hung-Chang’s invitation without
hesitation and was assigned to the research on aureomycin (Shen
San-Chiun, 2002). In 1953, Shen San-Chiun formally devoted him-
self to the key issue of strain breeding and aureomycin fermenta-
tion, with the aim to realize the mass production of aureomycin.
Initially, the literature on the production technology of aureo-
mycin was quite limited, so Shen San-Chiun led the team to the
Shanghai No. 3 Pharmaceutical Factory, which produced penicil-
lin, to gain experience with fermentation. In the same year, Shen
San-Chiun found in an experiment that the initial growth and
development environment of Streptomyces aureofaciens, including
the nutrient composition and pH value of the initial medium, will
significantly affect the production of aureomycin. The following

year, the discovery was published in the Journal of Experimental
Biology, which became a pioneering achievement of aureomycin
research in China (Shen San-Chiun et al., 1954).

In addition, in the research on the metabolism and synthe-
sis of aureomycin, Shen San-Chiun’s team also took the lead in
hypothesizing that the content of phosphate in the fermentation
medium would directly affect the production of aureomycin. The
results of aureomycin physiology research and mass production
strategy were also published in the Science Bulletin in 1955 (Shen
San-Chiun, 1955). In 1953, the research on aureomycin success-
fully passed the pilot production test of 53 gallons, and the effec-
tive antibacterial compound aureomycin hydrochloride in a 1-mg
sample was as high as 1,600 units (1 pgis 1 unit), fully compliant
with international standards. In 1954, the research results were
translated to clinical trials, and the results showed that the phar-
maceutical quality and performance of domestic aureomycin
reached the international level (Fu et al., 1958) (Fig. 3).

Genetics of bacterial nitrogen fixation

Answering the country’s needs, Shen San-Chiun opened a new
research field in 1973—bacterial nitrogen fixation. Although Shen
San-Chiun’s knowledge of biogenetics remained at the level it
had been when he returned to China in the 1950s, he still rose to
the challenge. To make up for the recent 20 years of international
frontier research, he began to consult a large number of genetics
literature. Finally, inspired by Valentine’s team at the University
of California, Shen San-Chiun chose the genetic mechanism of
bacterial nitrogen fixation as the starting point (Xiong, 2014).

In 1977, Shen San-Chiun’s team not only discovered the nitro-
gen-fixation gene nifC, but also confirmed that it is arranged in
a cluster on the chromosome of Klebsiella pneumoniae (Hsueh
et al,, 1977). This experimental result for the first time falsified
the authoritative view that “silent regions exist between genes,”
generally accepted internationally at that time, which not only
promoted the research on the genomic structure of nitrogen-fix-
ing genes, but also clarified important functional aspects of gene
transcription. In the year of publication, this discovery attracted
the attention of the international nitrogen-fixation research com-
munity, and gradually brought China’s nitrogen-fixation genetic
research in line with international standards (Fig. 4). In 1978,
Shen San-Chiun’s team put forward the hypothesis of two-level
regulation of nitrogen-fixation genes, which postulated that
the regulation of nitrogen-fixation genes by oxygen is based on
the transcription level of the nifA gene and the activity level of
NifA protein. In addition, Shen San-Chiun’s team also found that
the dependence of the nif gene promoter on the NifA product is
directly related to the activity of the conserved sequence of the
promoter itself (Horowitz, 1979). This work immediately became
an important milestone in the research on the structure and reg-
ulation of nitrogen-fixation genes. The team won the first prize in
Natural Science of the Chinese Academy of Sciences in 1979, and
the laboratory became one of the centers of international bacte-
rial nitrogen-fixation research (Fig. 5).

Pioneer of molecular genetics in China

After returning to China, Shen San-Chiun always put the coun-
try’s development needs above his personal pursuits and suc-
cessively contributed to important issues such as the production
of aureomycin and bacterial nitrogen fixation in the coun-
try. Although Shen San-Chiun failed to engage in his favorite
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Figure 3. The Fifth International Biochemical Conference in 1961 (the second from the left is Shen San-Chiun).

Vol. XX No. 6 SCIENTIA SINICA Nov. . Dee. 1977

GENETIC ANALYSIS OF THE NITROGEN FIXATION
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Fine struturc mapping of nif of Klobsiella was it by
means of Pl-transductional crosses and the plasmid R144 drd mediated conjugntions. The
physiea) distance botween nif mutations based on the percentage of co-transduction with
hisD of the nif mutations was estimated. The maximal distance between two mutations was

Volume XX Numbser 6 calenlated about 3 Kb, and the averago distance botween different nif mutations was about
1to 2Kb. 80 no ‘‘silent rogion'’ was shown within the nif eluster nearby the histidine
peron.

Several hisD-unlinked nif mutants were isolated and investigated genetieally aad biocham-
feally, They all difforod £rom the glutamineless mutasts, ono of these mutants was tentatively
assigned as o sort of N-assimilation mutant with little activlty of glutamate mmthetaso. It
differed from the known N-assimilation mutants in its absenes of mitrogeaase nctivity, Sinco

November - December 1977 the wild typo hisD-linked nif gones carried by the plasmid RP4 failed to eomplement the
defects of the hisD-unlinked nif genes in tho reclplent eclls but they were effestive to
facllitate E. coli In acquiring the ability to fix mitrogen, which Indieates that tho hisD-
unlinked nif genes necessary for the functioning of the hisD-linked nif genes aro present
in E. coli.

Streicher, Gurney, and Valentine"” first reported that nitrogen fixation genes
(designated as nif) can be transduced by phage Pl between the strains of Klebsiella
P i Their t ductional analyses had revealed a cluster of nif genes in a
segment 15 to 20 average gene lengths proximal to the operator end of the histidine
(designated as his) operon. This was confirmed by Dixon and Postgate™ on their
successful transfer of a functionally complete set of nif genes into Escherichia coli.
Streicher et al™ also showed the presence of a few nif genes other than the his-linked
cluster in K. pneumoniae map. They only mentioned that these his-unlinked nif genes
exhibit no difference phenotypically from the his-linked, but the- genetic properties of
the his-unlinked nif genes have not yet been analysed.

Recently, Kennedy and Dixon™ succeeded in making complementation tests in the
nif diploid condition prepared by including the Rp4-nif mutants into chromosomal
nif background. On the basis of the complementation tests between the different nif
mutations, they classified and characterized the nif into seven /{

PEKING, CHINA tion groups. They also inferred that these nif genes linked to his operon were sepa-
rated into two clusters with a physical distance about 9 Kb in length which they named
*‘silent region.”” We have isolated many nif mutants of K. pneumoniae after muta-
genesis. Fine structure mapping of these nif mutations was carried out by using Pl

Figure 4. “Genetic Analysis of the Nitrogen Fixation System of Klebsiella pneumoniae” published in 1977.

molecular genetics research, it did not diminish his enthusiasm that it is not deoxyribonucleic acid, but ribonucleic acid (Shen
for genetics and his ambition to reinvigorate domestic molecular San-Chiun et al., 1960). This research result proved that RNA can
genetics. also carry genetic information, denying the international author-

In 1960, Shen San-Chiun’s team discovered that there is a fac- itative theory that DNA is the only basis of inheritance. This cut-

tor in B. subtilis that changes its genetic response to penicillin, and ting-edge discovery brought China’s genetics research closer to
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Figure 6. Shen San-Chiun with students and researchers at the Institute of Biotechnology (the first from the right in the middle row is Shen

San-Chiun).

the leading level of the world. In 1963, Shen San-Chiun’s team
discovered a new metabolic pathway for hexose decomposition
and speculated that the presence of NAD(P) nucleosidase would
have a damaging effect on auxiliary enzymes (Wang et al., 1963).
To varying degrees, this achievement had an important impact
on the development of international genetics and also laid the
groundwork for the revival of domestic molecular genetics in
China. The conclusion of the genetic analysis of the nitrogen-fixa-
tion system published by Shen San-Chiun’s team in 1977 not only
became one of the earliest publications of molecular genetics
in China, but also had a significant impact on the international
research field (Fig. 6).

In addition, Shen San-Chiun also attached great importance
to the cultivation of talents. While employing accomplished
researchers in the institutes, he also guided students from other
universities to conduct research and recommended young talents
to study abroad. In 1984, Shen San-Chiun proposed the establish-
ment of the State Key Laboratory of Plant Molecular Genetics,
which was realized 4 years later (Shen San-Chiun, 2009).

One life for science and another for country

“In my eighties, I often thought that there were two purposes
in my life, one for science and the other for our country,” Shen



San-Chiun said in his later years. While devoting himself to sci-
ence, Shen San-Chiun took the lead in using the principles of
biological induction of aureomycin synthesis to cultivate strains
with stronger vitality and higher antibiotic yield. In the study of
bacterial nitrogen fixation, Shen San-Chiun’s team not only found
that nitrogen-fixing genes are arranged in a cluster on the chro-
mosome, but also found that RNA can change the genetic traits
related to penicillin in B. subtilis. Despite the hard return journey,
Shen San-Chiun retained a sincere patriotism and continued to
break through the technical barriers toward the development
and mass production of aureomycin to solve the urgent needs of
the country. Shen San-Chiun was a pioneer of molecular genetics
and bacterial nitrogen-fixation research in China, and has trained
many professionals in his research field, exhibiting exemplary
bravery while climbing the peaks of scientific discovery.
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