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devoted to the advancement and dissemination of scientific knowledge concerning microbiology, 

biotechnology, biomedicine and related academic disciplines. It covers scientific and 

technological aspects of microbiology, including Bioactive Compounds / Food Microbiology; 

Biocatalysis and Bioprocess Engineering; Environmental Microbiology / Microbial Diversity; 

Molecular and Cellular Microbiology / Biomedical Sciences (subcategories of each main 
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worldwide. The Society provides Free Access journal for readers who may download full-text 

articles with free from journal website(http://jmb.or.kr).  

Main Category Sub-Category 

Bioactive Compounds / Food 

Microbiology 

Bioactive Compounds and Physiological Properties 

Biomolecules 

Food Biotechnology 

Probiotics and Foodborne Microorganisms 

Biocatalysis and Bioprocess 

Engineering 

Bioenergy and Biorefinery 

Bioprocess Engineering and Supporting Technologies 

Enzyme, Protein Engineering, and Metabolic 

Engineering 

Synthetic Biology and Nanobiotechnology 

Environmental Microbiology / 

Microbial Diversity 

Agricultural Microbiology 

Environmental Biotechnology 

Environmental Microbiology 

Microbial Ecology and Taxonomy 

Molecular and Cellular 

Microbiology / Biomedical Sciences 

Biochemistry and Physiology 

Clinical Microbiology and Biomedical Sciences 

Molecular Genetics, Omics, and Systems Biology 

Pathogenesis and Host-Microbial Interactions  

 

Impact Factor 
 

JMB has an impact factor of 1.650 according to the Institute for Scientific Information's 2017 

Journal Citation Reports. 
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Editorial Office 

 

Requests for permission to reproduce material published in JMB should be sent to the Editorial 

Office. Queries on publication should be directed to Yoo, Seong Yeon (manuscript Editor) at 

jmb@jmb.or.kr 
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635-4 Yeogsam-Dong, Kangnam-Gu, Seoul 135-703, Korea 

Tel: 82-2-3452-6010, Fax: 82-2-552-4732 

E-mail: jmb@jmb.or.kr 

 

Indexed/Abstracted in: The journal is covered in PubMed/MEDLINE, Science Citation Index 

ExpandedTM, Scopus, Biotechnology Citation IndexTM, Research AlertTM, EMBASE/Excerpta 

Medica, Elsevier BIOBASE/Current Awareness in Biological Sciences, Chemical Abstracts, and 

Biological Abstracts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Digital Repository Universitas Jember

mailto:jmb@jmb.or.kr
mailto:jmb@jmb.or.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


SUBMIT MANUSCRIPT ONLINE 
 

Welcome to the online submission system for Journal of Microbiology and Biotechnology. 

 

Notes from the JMB Editorial Office 

On line submission: As of December 15, 2005, all submission to JMB should proceed online. 

Postal submission of hard-copy manuscripts will no longer be handled. Neither should authors 

send papers by e-mail to the Editorial Office or to Editors.  

 

First-time users : Please select "Register" menu below and enter the requested information. 

 

Repeat users : You never need to re-register, even if your role changes (i.e., from author to 

editor or vice versa). 

Reviewers do not need to register with the online submission system. 

 

Please make sure your computer is not behind a firewall when you attempt your 

submission: 

 

Firewalls are security measures installed in your network to restrict the sending and receiving of 

files to and from the web. Because you need to transfer files to our server during your 

submission, a firewall will interfere with the submission. Proxy servers can cause the same 

problems. If your are experiencing any problems completing your submission, please check with 

your system administrator to make sure you are not attempting the submission from behind a 

firewall or using a proxy server. 
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EDITORIAL POLICY  

The Journal of Microbiology and Biotechnology (JMB) is an international English journal 

published monthly by the Korean Society for Microbiology and Biotechnology (KMB), and 

distributed by the KMB worldwide. 

 

The Journal of Microbiology and Biotechnology is devoted to the advancement and 

dissemination of scientific knowledge concerning microbiology, biotechnology, biomedicine and 

related academic disciplines. It is an international English journal published by the Korean 

Society for Microbiology and Biotechnology (KMB) and distributed by the KMB worldwide, 

and covers all the scientific and technological aspects of microbiology in general, physiology and 

metabolism, environmental microbiology, molecular microbiology, enzymology and enzyme 

engineering, fermentation technology, plant and animal cell cultures, bioprocess engineering, 

biomedical sciences, and other related fields. 

 

The manuscripts submitted for publication must be previously unpublished research works 

written in English, which are not being considered for publication elsewhere. All papers will be 

critically read by at least two reviewers who are selected for their competence in the subject 

matter of the paper. In addition to meeting the Society's critical reading requirement, all 

manuscripts will be edited by native English speakers. Acceptance of the paper will depend upon 

its scientific merit and suitability for the journal. A paper may be accepted in its original form or 

accepted subject to revision. The reviewers' (and editor's) suggestions will be conveyed to the 

author without identifying the reviewers and the author will have an opportunity for revision. If a 

manuscript returned to an author for revision is held longer than two months, or if revision is 

sufficiently extensive, the date of the receipt of the revised manuscript will be substituted for the 

initial date of receipt. 

 

Galley proofs for an accepted article will be sent to the corresponding author for correction. 

These should be returned to the editor-in-chief within a week. The content of an article can not 

be changed during galley proof reading.  

 

To maintain and protect the Society's ownership and rights and to protect the original authors 

from misappropriations of their published work, the KMB requires author(s) to sign a copyright 

transfer agreement. This agreement is sent to the submitting authors when a manuscript is 

accepted for publication. Unless this agreement is signed, the KMB will not publish the 

manuscript. 

 

The journal is published in part with financial support from the Korea Federation of Science and 

Technology Societies and the Korea Research Foundation, and printed by Hanrimwon 

Publishing Co., 206-3 Ojang-Dong, Choong-Gu, Seoul 100-310, Korea. The journal is covered 

in Science Citation Index ExpendedTM, Biotechnology Citation IndexTM, Research AlertTM, 

EMBASE/Excerpta Medica, Elsevier BIOBASE/Current Awareness in Biological Sciences, 

Chemical Abstracts, and Biological Abstracts. 
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PEER-REVIEW POLICY  

 
All types of contributed articles as well as reviews are peer-reviewed in the Journal of 

Microbiology and Biotechnology (JMB). All forms of published corrections may also be peer-

reviewed in principle at the discretion of the editors. For any general questions and comments 

about the peer review process, or our editorial polices that are not addressed here, we encourage 

reviewers to contact us at jmb@jmb.or.kr. Questions about a specific manuscript should be 

directed to the Editor-in-Chief.  

 

Criteria for publication  
We are currently receiving many more submissions than we can publish. Therefore, we ask 

reviewers and editors to be more critical to the given manuscript. To avoid accumulation of 

manuscripts to-be-published and the subsequent delay of publication of valuable findings, the 

number of the incorporated articles has been gradually increased, with the acceptance rate 

decreasing during the last three years. To be published in JMB, a manuscript should meet our 

general criteria: 

It must provide strong evidence for its conclusions. 

It must be of novelty and significance to the related fields. 

 

The review process  
All submitted manuscripts are read by the editorial staff. To save time for authors and peer 

reviewers, only those papers deemed by most of our editors to not meet our criteria in terms of 

scientific merit as well as overall styles are rejected promptly without review. These decisions 

are also based on informal advice from specialists in the field. Manuscripts judged to be of 

potential interest to our audience are sent for formal review, typically to two ad hoc reviewers. 

The editors then make the first decision based on the reviewers’ comments as follows: Accept, 

with or without editorial revisions; Request the authors to revise their manuscript to address 

specific concerns before final decision is made; Reject. 

 

Anonymity  
We do not release editors’ identities to authors in some cases, to ensure that fair and just 

criticisms are made, taking into consideration the cultural characteristics in Korea. We also do 

not release reviewers' identities to authors or to other reviewers in principle in any case. Unless 

they feel strongly otherwise, we prefer that reviewers should remain anonymous throughout the 

review process and beyond. We ask reviewers not to identify themselves to authors without the 

editor's knowledge. If they wish to reveal their identities while the manuscript is under 

consideration, this should be done via the editor, or if this is not practicable, then we ask authors 

to inform the editor as soon as possible after a reviewer has inadvertently revealed his or her 

identity to the author. We deplore any attempt by authors to confront reviewers or determine 

their identities. 
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SUBSCRIPTION AND COPYRIGHT INFORMATION 
The Journal of Microbiology and Biotechnology (JMB) is an international English journal 

published monthly by the Korean Society for Microbiology and Biotechnology (KMB), and 

distributed by the KMB worldwide. Copyright is reserved by the Society. No responsibility is 

assumed by the Society for statements and opinions expressed by the contributors to the journal. 

 

SUBSCRIPTION INFORMATION 

The Journal of Microbiology and Biotechnology has twelve issues a year.  

Online ISSN: 1738-8872   Print ISSN: 1017-7825 

 

Suggested list price: The annual subscription fee are \60,000 including full membership and 

\100,000 for institutional members in korea, respectively, and US$370 plus US$33.40 postage 

for all overseas subscriptions.. Orders should be addressed to :  

 

The Korean Society for Microbiology and Biotechnology 

The Korea Science and Technology Center #402 

635-4 Yeogsam-Dong, Kangnam-Gu, Seoul 135-703, Korea 

Tel: 82-2-3452-6010, Fax: 82-2-552-4732 

E-mail: jmb@jmb.or.kr 

http://www.jmb.or.kr/ 

 

Change of address: Allow 6 weeks for all changes to become effective. All communications 

should include both old and new addresses (with postal codes) and should be accompanied by a 

mailing label from a recent issue. 

 

COPYRIGHT INFORMATION 

Submission of a manuscript implies: 

- that the work described has not been published before (except in the form of an abstract of as 

part of a published lecture, review, or thesis); 

- that it is not under consideration for publication elsewhere; 

- that its publication has been approved by all coauthors, of any, as well as by the responsible 

authorities at the institute where the work has been carried out; 

- that, if and when the manuscript is accepted for publication, the authors agree to the automatic 

transfer of the copyright to the publisher; 

- that the manuscript will not be published elsewhere in any language without the consent of the 

copyright holders; and 

- that written permission of the copyright holder is obtained by the authors for material used from 

other copyrighted sources. 

 

All articles published in this journal are protected by copyright, which covers the exclusive rights 
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to reproduce and distribute the article (e.g. as offprints), as well as all translation rights. No 

material published in this journal may be reproduced photographically or stored on microfilm, in 

electronic data bases, video disks, etc. without first obtaining written permission from the 

publisher. 

 

The use of general descriptive names, trade names, trade- marks, in this publication, even if not 

specifically identified, does not imply that these names are not protected by the relevant laws and 

regulations. 

 

While the advice and information in this journal is believed to be true and accurate at the date of 

it going to press, neither the authors, the editors, nor the publisher can accept any legal 

responsibility for any errors or omissions that may be made. The publisher makes no warranty, 

express or implied, with respect to material contained herein. The KMB publishes 

advertisements in this journal in reliance upon the responsibility of the advertiser to comply with 

all legal requirements relating to the marketing and sales of products or services advertised. The 

KMB and the editor-in-chief are not responsible for claims made in the advertisements published 

in the journal. The appearance of advertisements in this publication does not constitute 

endorsement, implied or intended, of the product advertised or the claims made for it by the 

advertiser. 

 

Authorization to photocopy articles for internal or personal use is granted provided that the 

appropriate fee is paid directly to Copyright Clearance Center, 222 Rosewood Drive, Danvers, 

MA 01923, U.S.A. (Tel: 1-508-750 8400), stating the ISSN 1017-7825, the volume and issue, 

and the first and last page numbers of each article copied. The authorization does not include 

copying for general distribution, promotion, new works, or resale. In these cases, specific written 

permission must first be obtained from the publisher. 

 

PUBLISHER 

The Korean Society for Microbiology and Biotechnology 

The Korea Science and Technology Center #402 

635-4 Yeogsam-Dong, Kangnam-Gu, Seoul 135-703, Korea 

Tel: 82-2-3452-6010, Fax: 82-2-552-4732 

E-mail: jmb@jmb.or.kr 

http://www.jmb.or.kr/ 
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INSTRUCTIONS TO AUTHORS

AIMS AND SCOPE

The Journal of Microbiology and Biotechnology (JMB) is a monthly international
journal devoted to the advancement and dissemination of scientific knowledge
concerning microbiology, biotechnology, biomedicine and related academic
disciplines. It covers scientific and technological aspects of microbiology, including
Bioactive Compounds / Food Microbiology; Biocatalysis and Bioprocess
Engineering; Environmental Microbiology / Microbial Diversity; Molecular and
Cellular Microbiology / Biomedical Sciences (the subcategories are available in
detail online at http://www.jmb.or.kr/about/about.html). JMB is published and
distributed as a regular issue on the 28th of each month, and occasionally as a
special issue, by the Korean Society for Microbiology and Biotechnology (KMB).

EDITORIAL POLICY

Originality, authorship, and copyright
The manuscripts submitted for publication must be previously unpublished
research works written in English, which are not being considered for publication
elsewhere. All the authors must have agreed to the submission and to the
order of their names on the title page. They must also have agreed that the
corresponding author may act on their behalf throughout the editorial review
and publication process. The corresponding author is responsible for obtaining
such agreement. Requests for changes in authorship (order of listing or
addition or deletion of name) after submission should be accompanied by
signed statements of agreement from all the parties involved. However, please
note that changes in authorship are not allowed after a paper has been accepted.
To maintain and protect the Society’s ownership and rights, and to protect the
original authors from misappropriations of their published work, author(s) are
required to sign a Copyright Transfer Agreement, which will be sent to the
corresponding author confirming receipt of the manuscript when a manuscript
is accepted for publication. Unless this agreement is executed, KMB will not
publish the manuscript.

Permissions
The author is responsible for acquiring the permission(s) to reproduce any
copyrighted figures, tables, data, or text that are being used in the submitted
paper. Authors should note that text quotation of more than 250 words from
a published or copyrighted work will require grant of permission from the
original publisher to reprint. The written permission letter(s) must be submitted
together with the manuscript.

Strain identification, culture deposition and fermentation optimization
Manuscripts addressing only the partial identification of microorganisms
based on preliminary experiments, such as 16S rRNA gene sequencing and
simple growth characterization, are unlikely to be considered by JMB for
publication, unless the authors provide in depth molecular, genetic, and/or
physiological analysis to accompany the identification. Similarly, the simple
optimization of fermentation conditions through statistical methods are
unlikely to be considered for publication. Authors are required to provide
strains described in their paper upon request. JMB recommends authors
deposit any newly identified, or otherwise noteworthy strains, in publicly
accessible microbial stock centers or culture collections, and to provide
strain numbers and/or deposit numbers in the text of the manuscript.

Ethics
All research involving human subjects must be performed in accordance with
the ethical standards given in the Declaration of Helsinki and the research
protocol must be approved by the author’s institutional review board (IRB)
prior to experiments. Experiments involving animals must be conducted in
accordance with institution’s or national research council’s guidelines for the
care and use of laboratory animals and must be approved by the author’s
institutional animal care and use committee (IACUC). Details of the ethical
approval status of the research must be described in the Materials and
Methods section of the manuscript, including the IRB and/or IACUC
approval number. Authors should submit a document indicating approval of
the research when submit the revised version of the manuscript.

Conflict of interest
Journal of Microbiology and Biotechnology requires that all authors disclose
any potential sources of conflict of interest. Any interest or relationship,
financial or otherwise, that might be perceived as influencing an author’s

objectivity is considered a potential source of conflict of interest. These must
be disclosed when directly relevant or indirectly related to the work that the
authors describe in their manuscript. Potential sources of conflict of interest
include but are not limited to patent or stock ownership, membership of a
company board of directors, membership of an advisory board or committee
for a company, and consultancy for or receipt of speaker’s fees from a
company. The existence of a conflict of interest does not preclude publication
in this journal. If the authors have no conflict of interest to declare, they must
also state this at submission. It is the responsibility of the corresponding
author to review this policy with all authors and to collectively list in the
manuscript (under the Acknowledgment section).

Sequence data
Manuscripts reporting new nucleotide and amino acid sequences should be
accompanied by substantial additional experimentation to characterize the
gene(s) and product(s) concerned, and/or substantial comparable analysis. A
sequence alone is unlikely to be acceptable. Papers reporting new sequence
data will not be published unless the sequence has an accession number from
a public nucleotide database, for example GenBank, EMBL or DDBJ. Accession
numbers should be included in the manuscript no later than the modification
stage of the review process. The accession numbers should be included in a
separate paragraph at the end of the Materials and Methods section for
Articles, or at the end of the text for Notes (for example “The GenBank/
EMBL/DDBJ accession number of the sequence reported in this paper is
AA00000”). Authors should follow the “Sequence data format” detailed
below for the preparation of nucleotide and amino acid sequence diagrams.

Omics data
For manuscripts reporting genomics or transcriptomics data (e.g. microarray,
next-generation sequencing, or other high-throughput genomics data), the authors
should deposit the omics data in the appropriate public database (e.g. Gene
Expression Omnibus (GEO) and BioProject in NCBI, ArrayExpress, or CIBEX)
and provide an approved accession number in a separate paragraph at the end
of the Materials and Methods for Articles, or at the end of the text for Notes.

Page charges
Submission for all authors is free of charge and only accepted papers are
subject to page charges. The page charge is US$70 (￦70,000) and US$120
(￦120,000) for each printed page, for active KMB members and non
members in Korea, respectively. As a special rate, the page charge for overseas
authors is US$60 for each printed page, effective for manuscripts submitted after
February 1, 2017. An invoice for page charges will be sent with the galley proofs
to the corresponding author. Invited reviews are not subject to page charges.

Editorial review and revision
All papers will be critically read by at least two anonymous reviewers,
selected for their competence in the subject area of the paper. Acceptance of
the paper will depend upon its scientific merit and suitability for the journal.
A paper may be accepted in its original form or subject to revision.

The reviewers’ (and editor’s) suggestions will be conveyed to the author, who
will then have an opportunity to revise the paper. If a manuscript returned to
an author for revision is held for longer than two months, or if revision is
sufficiently extensive, then the date of receipt of the revised manuscript will
be substituted for the initial date of receipt.

Prior to a final decision being made, all manuscripts will be screened through
CrossCheck to verify the integrity of the study, and to identify incidences of
plagiarism or dual publication. If any issues are discovered in a manuscript
during this screening process, it may subsequently be rejected by the editor
regardless of the reviewers’ comments, and will likely be forwarded to the
editorial committee for a more in depth review of its integrity which may
result in the application of further penalties.

If necessary, the accepted paper will be edited by native English speakers. The
cost of language editing service is currently US$70-100 (￦70,000-100,000)
per manuscript (subject to change without notice) and will be notified when
a bill for page charges is sent to the corresponding author. If you require
additional information, please send an e-mail inquiry to the production
Editor (jmb@jmb.or.kr).

Proofs
Galley proofs (PDF format) for an accepted article will be sent by e-mail to the
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corresponding author for copyediting corrections. The core content of an article
cannot be changed during galley proof reading. It is the author’s responsibility
to check the entire manuscript, including tables, figure legends, and cited
reference numbers, not just items queried. The proofs should be corrected and
mailed to the Editorial Office within 48 h of receipt in order to expedite
publication. Only one set of corrections will be accepted. This means it is
important to ensure all of your corrections are sent to us in one communication.

Reprints
Authors, including overseas authors, who wish to purchase reprints, are required
to complete the Reprint Order Form, which will be sent with the galley proofs
to corresponding authors. This form must be returned together with the
corrected galley proofs. Reprints are supplied only in multiples of 30 for a fee
of US$50 (￦50,000) per 30 copies, inclusive of shipping charge.

HOW TO SUBMIT MANUSCRIPTS

Membership in the KMB is not a prerequisite for submission and consideration
of manuscripts. Authors are requested to submit their manuscripts electronically
by using the JMB online manuscript submission system available at http://
jmb.or.kr. This site will guide authors stepwise through the submission process.
The editorial office will acknowledge receipt of your manuscript within 24
hours of submission. Please contact the editorial office (jmb@jmb.or.kr) if you
do not receive confirmation within this period of time. The “date of receipt” that
appears in the published paper will be the date when the handling managing
editor received the manuscript.

Revisions
Papers may be returned to authors for revision. Authors will be given eight
weeks after receipt of the reviewers’ comments to revise their paper. Revisions
must be submitted via the online submission system, under the heading “Submit
Manuscript Online.” Click on the link “Submit a revised manuscript” then
upload your revised files. Please do not submit the revision via email.

Resubmissions
Papers may be rejected but the authors are encouraged to resubmit the paper
after additional experimental data are obtained. Resubmissions must be submitted
via the online submission system under “Begin a new submission.” The paper
must be marked as a resubmission and list the handling editor and manuscript
number of the original submission, in the cover letter. Please also provide a
letter giving point-by-point responses to the referees of the previous version.

FILE FORMATS

Prepare the text in Microsoft (MS) Word (6.0 or later version) or WordPerfect.
Set the page size to have 2.5 cm margins on all sides. The font size should
be no smaller than 12 points. Type every portion of the manuscript double
spaced, including References and figure legends, and number all pages in
sequence, including the abstract, figure legends and tables. The last two
items should be placed after the Reference section. Manuscript pages should
have line numbers. The text of your manuscript (including title page, abstract,
main text, references, and figure legends) followed by tables and figures
should be in a single word file for initial submission. Each figure should be
labeled with a figure number. Standard fonts (Times New Roman, Times, or
Courier), preferably Times New Roman should be used for the generation
of text and Arial or Helvetica for the figures. Use the Symbol font and the
“Insert Symbol” option from the menu bar for introducing symbols in MS
Word. Authors can upload their articles as MS Word (6.0 or a later version)
or WordPerfect. It is also possible to submit an article in a ready made Adobe
Acrobat PDF format, but if the article is accepted, the original source files
will be needed. Authors must then check the PDF conversion carefully to
make sure that everything converted properly. This format is acceptable for
reviewing purposes only. If your paper is accepted, you are then required to
send the final version as source files including a separate Word file for text
and graphic TIFF or EPS files. Manuscripts that do not follow the “File
Formats” and “Organization and Styles of Manuscripts” (below) are not suitable
for editorial review or publication, and will be returned to the author.

ORGANIZATION AND STYLES OF MANUSCRIPTS

I. Articles
Articles are full-length research reports that contain detailed descriptions of
experimental work, with clear interpretation and discussion of the theoretical
and experimental results and data. Articles should be structured under the
section headings Introduction, Materials and Methods, Results, Discussion,
Acknowledgment, Nomenclature/Appendix (if applicable), and References.
Authors should present their material with utmost clarity and conciseness and
in a logical manner. Constant repetition of experimental procedures, information,
and facts among sections should be avoided. The average length of a
published Article should be approximately six printed page long including
tables and figures.

The organization shown below should be followed (in the order given):

Title page
• title of the paper
• author name(s)
• author affiliation(s)
• address(es) of the institution(s) at which the work was performed
• name, postal and E-mail addresses, and phone and fax numbers of the

corresponding author to whom the revision or galley proofs of the paper
is to be sent

• a brief running title (not to exceed 54 characters and spaces)

With regard to titles, avoid the main title: subtitle arrangement, declarative
titles, complete sentence constructions, and unnecessary use of articles.
Because each manuscript should present results of independent and cohesive
study, numbered series titles are not allowed. The running title will be
considered during compilation of the subject index and will be at the top
of each printed page.

Place an asterisk after the name of the author to whom inquiries regarding
the paper should be directed.

The affiliation address for each author should be indicated by superscript
Arabic numbers (1, 2, 3, etc).

Abstract
Articles must include an Abstract of 250 words or fewer. The Abstract
should not repeat information already present in the title. It should be
suitable for direct inclusion in Current Contents, Chemical Abstracts, and
Biological Abstracts, etc.

Key words
Immediately after the abstract, provide a maximum of 6 key words. Please
avoid general terms, multiple concepts (avoid, for example, “and” “of”),
and abbreviations. Only abbreviations firmly established in the field may
be eligible.

Introduction
The Introduction presents the purpose of the studies reported and their
relationship to earlier work in the field. It should not be an extensive
review of the literature. Use only those references required to provide the
most salient background to allow the readers to understand and evaluate
the purpose and results of the present study without referring to previous
publications on the topic.

Materials and Methods
The Materials and Methods section should be brief but include sufficient
technical information to allow the experiments to be repeated by a
qualified reader. Only new methods should be described in detail. Cite
previously published procedures in References.

Results
The Results section should include the rationale or design of the
experiments as well as the results of the experiments. Results can be
presented in figures, tables, and text. Reserve extensive discussion of the
results for the Discussion section.

Discussion
The Discussion section should focus on the interpretation of the results rather
than a repetition of the Results section. The Results and Discussion sections
may be combined into one section when substantial redundancy cannot be
avoided in two separate sections or if a long discussion is not warranted.

Acknowledgments
Place Acknowledgments, including information on the source of any financial
support received for the work being published, before the References.

References
The References section must include all relevant published works, and all
listed references must be cited in the text. Arrange the reference list in the
order of their appearance in the main text, and then number the list
consecutively. Citation in the text should take the list number in square
brackets (e.g., [1], [2-4]), not by author name/year. The author(s) must
check the accuracy of all reference numbers, as the JMB will not be
responsible for incorrect in-text reference citations.
Abbreviate journal names according to the PubMed Entrez Journals
database (available at http://www.ncbi.nlm.nih.gov/entrez/). The referencing
styles shown in the examples below should be used for journal articles (1),
books (2), specific chapters in books (3), and websites (4), respectively:
1. Lee YH, Park JS. 2004. Evaluation of operational conditions and

power consumption of bioattritor for enzymatic saccharification of
uncooked starch. J. Microbiol. Biotechnol. 14: 351-357.

2. Brock TD, Madigan MT. 1988. Biology of Microorganisms, pp. 42-
59. 5th Ed. Prentice Hall, Englewood Cliffs, New Jersey.

3. Gershon AA, Russa P La, Steinberg SP. 1999. Varicella-zoster virus,
pp. 900-911. In Murray PR, Baron  EJ, Pfaller MA, Tenover FC,
Yolken RH (eds.), Manual of Clinical Microbiology, 7th Ed.
American Society of Microbiology, Washington, D.C.
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4. Kirkman TW. 1996. Statistics to Use. Available from http://
www.physics.csbsju.edu/stats/. Accessed Nov. 20, 2011.

References to papers accepted for publication but not yet published
should show the journal name and, if known, the probable year of
publication, and state “in press.”

The following types of references are not valid for listing in the
References section:
• unpublished data
• personal communication
• manuscripts in preparation or submitted
• pamphlets
• abstracts
• patents
• newsletters
• material that has not been subjected to peer review.

References to such sources should be made parenthetically in the text
(e.g., Lee YH et al. 1989. Abstr. Annu. Meet. Kor. Soc. Appl. Microbiol.
Seoul, Korea, p. 159).

Figure legends
Figure legends should contain a brief description of the experiments so
that the figure can be understood without reference to the body of the text.
However, the legend should not repeat Materials and Methods or contain
interpretive statements.

Tables
Tables should be typewritten separately from the main text and in an
appropriate font size to preferably fit each table on a separate page. Each
table must be numbered with Arabic numerals (e.g., Table 1, Table 2) and
include a title. Place footnotes to tables below the table body and indicate
them with superscript lowercase letters (a, b, c, etc), not symbols. Do not
use vertical rulings in the tables. Each column in a table must have a
heading, and abbreviations, when necessary, should be defined in the
footnotes.

Figures
Figures should be provided separately from the main text. Use Arabic
numerals to number all figures (e.g., Figure 1, Figure 2) according to their
sequence in the text. The figure number must appear well outside the
boundaries of the image itself. Multipart figures should be numbered in
uppercase and bold font letters (A, B, C, etc) without parenthesis, both on
the figure itself and in the figure legends.

Note that figures may have to be reduced in size to fit the one-column (84
mm) or two-column (176 mm) space of the printed page, as determined
by the journal designer. Original figures, especially line drawings, must
therefore contain fonts and other detail that are large and clear enough to
be legible even after a 50% reduction in size. Line drawings must be a
minimum of 0.5 mm thickness for clear reproduction. The preferred
symbols for graphs are ○, ●, □ , ■ , △, ▲ , ▽, ▼ . Where possible,
the same symbol should be used for the same quantity in different figures.
Simple bar diagrams reporting only a few values are usually unnecessary;
the data can normally be given in a few lines of text. It is editorial policy
not to publish bar diagrams with “three-dimensional” bars unless there is
a specific justification for their use. Tints should not be used as shading
for bars

All figures should be created with applications that are capable of
preparing high resolution TIFF or EPS files acceptable for publication.
All figures should be embedded at the end of text in a single Word or PDF
file when you initially submit manuscript. If your paper is accepted,
we will require submission of figures as separate TIFF or EFS files at
publication quality resolution. Blurred images will not be accepted.
Diagrams and photographs submitted in electronic format must be of the
following minimum resolutions:
• 300 dpi for photographs or halftones only, in both black and white and

color
• 600 dpi for photographs or halftones with line artwork as insets
• 600 dpi for line artwork or lettering
• 1,200 dpi for fine-line artwork and artwork with gray shades

The author(s) will be required to pay for reproduction of color photographs.
The cost is US$200 (￦200,000) for each illustration containing color.
Any figures submitted in color will be reviewed and processed with the
understanding that the figure will be published in color. The mode of the
TIFF or EPS file must be CMYK, not RGB.

II. Notes
Notes are short reports for the presentation of brief observation that have
insufficient material to fulfill the structure of a full-length article. They are
intended for reporting preliminary studies or brief studies of a descriptive
nature. Notes should be arranged in the same way as Articles, except that
the Introduction, Results, and Discussion sections are in a combined section

with no section headings. The abstract should not exceed 100 words. The
main text should follow the logical flow of a structured article and should
not exceed 1,200 words; the total number of figures and tables should not
exceed four. Notes should be approximately 3-4 printed page long. The
References section is identical to that of Articles. Notes are subjected to
review.

III. Reviews and Minireviews
Authoritative and critical Reviews and Minireviews of the current state of
knowledge regarding any aspect of microbiology and biotechnology are
preferred. They must be based on original articles, and may address subjects
within the scope of the JMB. Reviews should be divided into sections with
appropriate headings. The format of the References section is identical to
that of Articles. While there is no limitation on the length of a Review, it is
recommended that a standard Review comprises no more than the equivalent
of 12 printed journal pages, including display items and references. References
should number no more than 80. The JMB is also happy to publish more
compact Minireviews that highlight topics of emerging interest and summarize
developments in rapidly advancing areas. A Minireview should occupy no
more than 3 printed journal pages, including display items and references.
Minireview references should number no more than 30. If, for a particular
reason, an author wishes to exceed or diverge from these guidelines significantly,
they should contact the Production Editor (jmb@jmb.or.kr) before submitting
a manuscript. Unsolicited reviews will be considered but are subject to the
approval of the Editor-in-Chief and will be accepted only under special
circumstances. Reviews will be subjected to an independent peer review,
and the Editor-in-Chief may request changes or decide not to proceed with
publication.

NOMENCLATURES, UNITS, ABBREVIATIONS, AND SYMBOLS

Nomenclatures and abbreviations for chemical and biochemical agents,
microorganisms, enzymes, proteins, and genes should follow the Instruction
to Authors for journals published by the American Society for Microbiology
(available online at http://journals.asm.org/).

For nomenclature of restriction enzymes, DNA methytransferases, homing
endonucleases, and their genes, refer to the article by Roberts et al. (Nucleic
Acid Res. 31:1805-1812, 2003)

The JMB follows the same nomenclature for viruses as the Journal of
Virology, and more detailed information can be found in the instruction to
author of that journal (available online at http://jvi.asm.org/).

All abbreviations should be defined at their first use in the text only; do not
repeat the definition of abbreviations thereafter.

Note that the JMB uses the following specific design styles (Nomenclature,
abbreviations, units and symbols):

• The JMB prefers American spelling (e.g., labeling, sulfur, nonspecific,
antiviral), abbreviations (Table 1), and nomenclature to follow
internationally agreed recommendations. However, authors may use
commonly used abbreviations/acronyms but these must be defined in
the text at first citation and included in the Abbreviations list. 

• It is often convenient, especially in figures and table headings, to give
a multiple of the quantity set or measured by multiplying it by a
stated factor. The units in which it is expressed should not be
multiplied by a number but may be indicated by prefixes such as: M,
k, m, μ, n or p (see Table 2). 

• The JMB prefers the IUBMB recommendations on symbolism and
terminology in rate/equilibrium constants and enzyme kinetics. e.g.,
K

m
, K

s
, k

1
, k

cat
, V

max
, V

0
, E

0
, E

h
, M

r
, I

0
, ΔG

a
 (i.e., subscripted, non-

italicized).
• SI (Systeme International d'Unites) units and quantities should be used

(see Tables below) (see http://www.bipm.fr/enus/3_SI/si.html) but Å,
cal, p.p.m. can be used where appropriate. 

• Leave a space between a number and its unit of measure. (Exception,
do not leave a space between a number and the temperature degree,
percent, angular degree, angular minute, or angular second symbols,
15°C, 50%, 90°, 75', 18" ). 

• Use a slash (/) in units of measure (i.e., g/ml rather than g ml-1).  
• Use a slash (/) in spelled-out units of measure, not the word “per”,

before the abbreviation for a unit in complex expressions. e.g., 50 μg
of peptide/ml, 25 mg of drug/kg of body weight, 10 counts/s, 12
domains/cm3, 2 × 103 ions/min, 0.8 keV/channel, and 125 conversions/mm2.

• Do not add an “s” to make the plural of any abbreviated units of
measure. e.g., 50 mg (not 50 mgs), 3 mol (not 3 mols). 

• Do not mix abbreviations and spelled-out units within units of measure.
• Do not capitalize surnames that are used as units of measure. 
• Centrifugal force should be preferably expressed as ×g, rather than rpm.
• L-amino acid, D-amino acid (i.e., LD in small caps). 
• Names for regional bioproducts should be written in non-italicized

lowercase letters. The names should be explained in a parenthesis
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when used first time in the abstract/text. (e.g., kimchi (Korean
traditional fermented cabbages)). 

• Usage should be consistent within a paper.

 
Table 1. Abbreviations

Name memo Name memo

DNA Deoxyribonucleic 
acid

NADP+ Nicotinamide adenine 
dinucleotide 
phosphate, oxidized

cDNA Complementary 
DNA

Poly(A) 
and 
poly(dT), 
etc.

Polyadenylic acid and 
polydeoxythymidylic 
acid, etc.

RNA Ribonucleic acid Oligo(dT), 
etc.

Oligodeoxythymidylic 
acid, etc.

cRNA Complementary 
RNA

UV Ultraviolet

RNase Ribonuclease PFU Plaque-forming units

DNase Deoxyribonuclease CFU Colony-forming units

rRNA Ribosomal RNA MIC Minimal inhibitory 
concentration

mRNA Messenger RNA Tris Tris[hydroxymethyl] 
aminomethane

tRNA Transfer RNA DEAE Diethylaminoethyl

AMP, 
ADP, 
ATP, 
dAMP, 
ddATP, 
and GTP, 
etc.

For the respective 
5’ phosphates of 
adenosine and 
other nucleosides

EDTA Ethylenediamine 
tetraacetic acid

ATPase 
and 
dGTPase, 
etc.

Adenosine 
triphosphatase and 
deoxyguanosine 
triphosphatase, 
etc.

EGTA Ethylene glycol-bis[β-
aminoethyl ether]-
N,N,N’,N’-tetraacetic 
acid

NAD Nicotinamide 
adenine 
dinucleotide

HEPES N-2-hydroxyethyl 
piperazine-N’-2-
ethanesulfonic acid

NAD+ Nicotinamide 
adenine 
dinucleotide, 
oxidized

PCR Polymerase chain 
reaction

NADH Nicotinamide 
adenine 
dinucleotide

AIDS Acquired immune 
deficiency syndrome

NADPH Nicotinamide 
adenine 
dinucleotide 
phosphate

Table 2. Multiplying SI Prefixes

Factor Prefix Symbol

101 deca da

102 hecto h

103 kilo k

106 mega M

109 giga G

1012 Tera T

1015 peta P

1018 exa E

Table 2. Continued

Factor Prefix Symbol

1021 zetta Z

1024 yotta Y

10-1 deci d

10-2 centi c

10-3 milli m

10-6 micro μ

10-9 nano n

10-12 pico p

10-15 femto f

10-18 atto a

10-21 zepto z

10-24 yocto y

Table 3. SI-Derived Units

Name Symbol Quantity
In terms 
of other 

units

In terms of 
SI based units

becquerel Bq activity (of a 
radionuclide)

- s-1

coulomb C quantity of 
electricity, electric 
charge

- s·A

farad F capacitance C/V m-2·kg-1·s4·A2

gray Gy absorbed dose, 
kerma, specific 
energy imparted

J/kg m2·s-2

henry H inductance Wb/A m2·kg·s-2·A-2

hertz Hz frequency - S-1

joule J energy, work, 
quantity of heat

N·m m2·kg·s-2

lumen lm luminous flux cd·sr m2·m-2·cd=cd

lux lx illuminance lm/m2 m2·m-4·cd=m-2·cd

newton N force - m·kg·S-2

ohm Ω electric resistance V/A m2·kg·S-3·A-2

pascal Pa pressure, stress N/m2 m-1·kg·S-2

siemens S conductance A/V m-2·kg-1·s3·A2

sievert Sv dose equivalent J/kg m2·s-2

tesla T magnetic flux 
density

Wb/m2 kg·s-2·A-1

volt V electric potential, 
potential 
difference, 
electromotive force

W/A m2·kg·s-3·A-1

watt W power, radiant flux J/s m2·kg·s-3

weber Wb magnetic flux V·s m2·kg·s-2·A-1

Table 4. SI-Derived Compound Units

Name Symbol Quantity
In terms of 
other units

ampere per meter A/m Magnetic field 
strength

-

ampere per 
square meter

A/m2 Current density -

candela per 
square meter

Cd/m2 Luminance -

coulomb per 
cubic meter

C/m3 Electric charge 
density

m-3·s·A

coulomb per 
kilogram

C/kg Exposure (X-rays 
and γ-rays)

-
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SEQUENCE DATA FORMATS

Diagrams of nucleotide and amino acid sequences should be prepared in the
most effective layout. The layout should be designed to fit the journal page
economically, i.e. to fill either the full width of the page (176 mm) or a
single column (84 mm). The height of the characters should be about 1.5-2
mm (or 6-8 point). For sequence data at full-page width with this size of
type, a layout with 80-100 nucleotides per line is appropriate (or 60-70 if
there are spaces between the codons). A single-column layout would ideally
fit 50-60 nucleotides per line. If possible, lines of nucleic acid sequence
should be subdivided into blocks of 10 or 20 nucleotides by spaces within
the sequences or by marks above it. There should not be too much space
between the lines of sequence. Use of the single-letter amino acid code is
preferred.

MICROARRAY DATA

Data from microarray gene expression studies must comply with the MIAME
guidelines (see http://www.mged.org/Workgroups/MIAME/miame.html).

MANUSCRIPT CHECKLIST

It is hoped that this list will be useful during the final checking of your
manuscript prior to submitting it to the journal for review. Ensure that the
following items are present:

□ One author designated as corresponding author
□ Telephone and fax numbers, and E-mail address of the corresponding

author
□ Running title
□ Key words
□ Page and line numbers
□ All tables (including title, description, footnotes) and figures

(separated from figure legends) are provided in a single file with main
text for initial submission.

□ References are in the correct format for this journal.
□ All references mentioned in the Reference list are cited in the text, and

vice versa.

Table 4. Continued

Name Symbol Quantity
In terms of 
other units

coulomb per 
square meter

C/m2 Electric flux 
density

m-2·s·A

cubic meter m3 Volume -

cubic meter per 
kilogram

m3/kg Specific volume -

farad per meter F/m Permittivity m-3·kg-1·s4·A2

henry per meter H/m Permeability m·kg·s-2·A-2

joule per cubic 
meter

J/m3 Energy density m-1·kg·s-2

joule per kelvin J/K Heat capacity, 
entropy

m2·kg·s-2·K-1

joule per 
kilogram

J/kg Specific energy m2·s-2

joule per 
kilogram kelvin

J/(kg K) Specific heat 
capacity, specific 
entropy

m2·s-2·K-1

joule per mole J/mol Molar energy m2·kg·s-2·mol-1

joule per mole 
kelvin

J/(mol K) Molar entropy, 
molar heat 
capacity

m2·kg·s-2·K-1·mol-1

kilogram per 
cubic meter

Kg/m3 Density, mass 
density

-

meter per second m/s Speed, velocity -

meter per second 
squared

m/s2 Acceleration -

mole per cubic 
meter

mol/m3 Concentration 
(amount of 
substance per 
volume)

-

newton-meter N·m Moment of force m2·kg·s-2

newton per meter N/m Surface tension kg·s-2

pascal second Pa·s Dynamic viscosity m-1·kg·s-1

radian per second rad/s Angular velocity -

radian per second 
squared

rad/s2 Angular 
acceleration

-

reciprocal meter m-1 Wavenumber -

reciprocal second s-1 Frequency -

square meter m2 Area -

square meter per 
second

m2/s Kinematic 
viscosity

-

volt per meter V/m Electric field 
strength

m·kg·s-3·A-1

watt per meter 
kelvin

W/(m K) Thermal 
conductivity

m·kg·s-3·K-1

watt per square 
meter

W/m2 Heat flux density, 
irradiance

kg·s-3

watt per square 
meter steradian

W/(m2 sr) Radiance -

watt per steradian W/sr Radiant intensity -

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


EDITORIAL BOARD 

Editor-in-Chief 

  

Lee, Kyu-Ho Department of Life Science  

Sogang University, Korea 

E-mail : kyuholee@sogang.ac.kr 

  

 

Deputy Editor 

  

Jung, Won Hee Chung-Ang University, Korea 

E-mail : whjung@cau.ac.kr 

  

Lee, Dong-Woo Yonsei university, Korea 

E-mail : leehicam@yonsei.ac.kr 

  

Lee, Sang Jun Chung-Ang University, Korea 

E-mail : sangjlee@cau.ac.kr 

  

Myoung, Jinjong Chonbuk National University, Korea 

E-mail : jinjong.myoung@jbnu.ac.kr 

  

Yoon, Hyunjin Ajou University, Korea 

E-mail : yoonh@ajou.ac.kr 

  

 

Editor 

  

Ahn, Joong-Hoon Konkuk University, Korea 

E-mail : jhahn@konkuk.ac.kr 

  

Bahn, Yong-Sun Yonsei University, Korea 

E-mail : ysbahn@yonsei.ac.kr 

  

Blanke, Steven R. University of Illinois, Urbana Champagain, USA 

E-mail : sblanke@life.illinois.edu 

  

Chang, In Seop Gwangju Institute of Science and Technology, Korea 

E-mail : ischang@gist.ac.kr 

  

Chang, Suhwan University of Ulsan College of Medicine, Korea 

E-mail : suhwan.chang@amc.seoul.kr 

  

Digital Repository Universitas Jember

mailto:kyuholee@sogang.ac.kr
mailto:whjung@cau.ac.kr
mailto:leehicam@yonsei.ac.kr
mailto:sangjlee@cau.ac.kr
mailto:jinjong.myoung@jbnu.ac.kr
mailto:yoonh@ajou.ac.kr
mailto:jhahn@konkuk.ac.kr
mailto:ysbahn@yonsei.ac.kr
mailto:sblanke@life.illinois.edu
mailto:ischang@gist.ac.kr
mailto:suhwan.chang@amc.seoul.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Cho, Jang-Cheon Inha University, Korea 
E-mail : chojc@inha.ac.kr 

  

Cho, You-Hee CHA University, Korea 

E-mail : youhee@cha.ac.kr 

  

Choi, Hak-Jong World Institute of Kimchi, Korea 

E-mail : hjchoi@wikim.re.kr 

  

Choi, In-Soo Konkuk University, Korea 

E-mail : ischoi@konkuk.ac.kr 

  

Choi, Jaehyuk Incheon National University, Korea 

E-mail : jaehyukc@inu.ac.kr 

  

Choi, Jong Hyun KRIBB, Korea 

E-mail : jhchoi@kribb.re.kr 

  

Chung, Woo-Hyun Duksung Women's University, Korea 

E-mail : whchung23@duksung.ac.kr 

  

De Las Peñas, Alejandro Instit. Scientific Res. & Technol., Mexico 

E-mail : cano@ipicyt.edu.mx 

  

Ebel, Leo University of Zurich, Switzland 

E-mail : leberl@botinst.uzh.ch 

  

Eichler, Jerry Ben-Gurion University of the Negev, Israel 

E-mail : jeichler@bgu.ac.il 

  

Goldman, Gustavo Henrique Universidade de S찾o Paulo, Brazil 

E-mail : ggoldman@usp.br 

  

Govindwar, Sanjay P. Shivaji University, India 

E-mail : spg_biochem@unishivaji.ac.in  

  

Gunasekaran, Paramasamy Madurai Kamaraj University, India 

E-mail : gunagenomics@gmail.com 

  

Hahn, Dongyup kyungpook National University, Korea 

E-mail : dohahn@knu.ac.kr 

  

Han, Sangwook Chung-Ang University, Korea 

E-mail : swhan@cau.ac.kr 

Digital Repository Universitas Jember

mailto:chojc@inha.ac.kr
mailto:youhee@cha.ac.kr
mailto:hjchoi@wikim.re.kr
mailto:ischoi@konkuk.ac.kr
mailto:jaehyukc@inu.ac.kr
mailto:jhchoi@kribb.re.kr
mailto:whchung23@duksung.ac.kr
mailto:cano@ipicyt.edu.mx
mailto:leberl@botinst.uzh.ch
mailto:jeichler@bgu.ac.il
mailto:ggoldman@usp.br
mailto:spg_biochem@unishivaji.ac.in
mailto:gunagenomics@gmail.com
mailto:dohahn@knu.ac.kr
mailto:swhan@cau.ac.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


  

Jeong, Hee-Gon Chungnam National University, Korea 

E-mail : jeonghg@cnu.ac.kr 

  

Jeong, Ki Jun KAIST, Korea 

E-mail : kjjeong@kaist.ac.kr 

  

Jung, Jaejoon National Marine Biodiversity Institute of Korea  

E-mail : jjung@mabik.re.kr 

  

Kalia, Vipin Chandra Instit. Genomics & Integrative Biol., India 

E-mail : vc_kalia@yahoo.co.in 

  

Kang, Ho Young Pusan National University, Korea 

E-mail : hoykang@pusan.ac.kr 

  

Kang, Hyojeung Kyungpook National University, Korea 

E-mail : hkang72@knu.ac.kr 

  

Kang, Nam Joo Kyungpook National University, Korea 

E-mail : njkang@knu.ac.kr 

  

Kim, Bong-Soo Hallym University, Korea 

E-mail : bkim79@hallym.ac.kr 

  

Kim, Dae-Ok Kyung Hee University, Korea 

E-mail : dokim05@khu.ac.kr 

  

Kim, Dong Wook Hanyang University, Korea 

E-mail : dongwook@hanyang.ac.kr 

  

Kim, Hak Jun Pukyong National University 

E-mail : kimhj@pknu.ac.kr 

  

Kim, Hyeun Bum Dankook University, Korea 

E-mail : hbkim@dankook.ac.kr 

  

Kim, Hyung Kwoun The Catholic University, Korea 

E-mail : hkkim@catholic.ac.kr 

  

Kim, Jeong Hwan Gyeongsang National University, Korea 

E-mail : jeonghkm@gsnu.ac.kr 

  

Digital Repository Universitas Jember

mailto:jeonghg@cnu.ac.kr
mailto:kjjeong@kaist.ac.kr
mailto:jjung@mabik.re.kr
mailto:vc_kalia@yahoo.co.in
mailto:hoykang@pusan.ac.kr
mailto:hkang72@knu.ac.kr
mailto:njkang@knu.ac.kr
mailto:bkim79@hallym.ac.kr
mailto:dokim05@khu.ac.kr
mailto:dongwook@hanyang.ac.kr
mailto:kimhj@pknu.ac.kr
mailto:hbkim@dankook.ac.kr
mailto:hkkim@catholic.ac.kr
mailto:jeonghkm@gsnu.ac.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Kim, Jeong-Ki Korea University, Korea 
E-mail : jkfrancis@korea.ac.kr 

  

Kim, Jiyeon Seoul National University of Science & Technology, Korea 

E-mail : jiyeonk@seoultech.ac.kr 

  

Kim, Jung Mogg Hanyang University, Korea 

E-mail : jungmogg@hanyang.ac.kr 

  

Kim, Kyung-Jin Kyungpook National University, Korea 

E-mail : kkim@knu.ac.kr 

  

Kim, Myoung-Dong Kangwon National University, Korea 

E-mail : mdkim@kangwon.ac.kr 

  

Kim, Myung-kyum Seoul Women's University, Korea 

E-mail : mkkim@swu.ac.kr 

  

Kim, Pil The Catholic University, Korea 

E-mail : kimp@catholic.ac.kr 

  

Kim, Seon-Won Gyeongsang National University, Korea 

E-mail : swkim@gnu.ac.kr 

  

Kim, Soo Rin Kyungpook National University, Korea 

E-mail : soorinkim@knu.ac.kr 

  

Kim, Won-Chan Kyungpook National University, Korea 

E-mail : kwc@knu.ac.kr 

  

Kim, Younghoon Chonbuk National University, Korea 

E-mail : ykeys2584@jbnu.ac.kr 

  

Kim, Young-Rok Kyung Hee University, Korea 

E-mail : youngkim@khu.ac.kr 

  

Kim, Young-Wan Korea University, Korea 

E-mail : ywankim@korea.ac.kr 

  

Kimitoshi Sakamoto Hirosaki University, Japan 

  

Kweon, Dae-Hyuk Sungkyunkwan University, Korea 

E-mail : dhkweon@skku.edu 

  

Digital Repository Universitas Jember

mailto:jkfrancis@korea.ac.kr
mailto:jiyeonk@seoultech.ac.kr
mailto:jungmogg@hanyang.ac.kr
mailto:kkim@knu.ac.kr
mailto:mdkim@kangwon.ac.kr
mailto:mkkim@swu.ac.kr
mailto:kimp@catholic.ac.kr
mailto:swkim@gnu.ac.kr
mailto:soorinkim@knu.ac.kr
mailto:kwc@knu.ac.kr
mailto:ykeys2584@jbnu.ac.kr
mailto:youngkim@khu.ac.kr
mailto:ywankim@korea.ac.kr
mailto:dhkweon@skku.edu
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Lee, Chang-Ro Myongji University, Korea 
E-mail : crlee@mju.ac.kr 

  

Lee, Choong Hwan Konkuk University, Korea 

E-mail : chlee123@konkuk.ac.kr 

  

Lee, Do Yup Kookmin University, Korea 

E-mail : rome73@kookmin.ac.kr 

  

Lee, Dong Gun Kyungpook National University, Korea 

E-mail : dglee222@knu.ac.kr 

  

Lee, Han-Seung Silla University, Korea 

E-mail : hanslee@silla.ac.kr 

  

Lee, Hyungjae Dankook University, Korea 

E-mail : lee252@dankook.ac.kr 

  

Lee, Ji-Hoon Chonbuk National University 

E-mail : jhlee2@jbnu.ac.kr 

  

Lee, Jung-Kee Paichai University, Korea 

E-mail : leejk@pcu.ac.kr 

  

Lee, Jung-Kul Konkuk University, Korea 

E-mail : jkrhee@konkuk.ac.kr 

  

Lee, Jungkwan Donga University, Korea 

E-mail : jungle@dau.ac.kr 

  

Lee, Jung-Shin Kangwon National University, Korea 

E-mail : jungshinlee@kangwon.ac.kr 

  

Lee, Ju-Hoon Kyung Hee University, Korea 

E-mail : juhlee@khu.ac.kr 

  

Lee, Kyung Jin University of Ulsan College of Medicine , Korea 

E-mail : kjlee@amc.seoul.kr 

  

Lee, Nari Korea Food Research Institute, Korea 

E-mail : nari@kfri.re.kr 

  

Lee, Seon-Woo Dong-A University, Korea 

E-mail : seonlee@dau.ac.kr 

Digital Repository Universitas Jember

mailto:crlee@mju.ac.kr
mailto:chlee123@konkuk.ac.kr
mailto:rome73@kookmin.ac.kr
mailto:dglee222@knu.ac.kr
mailto:hanslee@silla.ac.kr
mailto:lee252@dankook.ac.kr
mailto:jhlee2@jbnu.ac.kr
mailto:leejk@pcu.ac.kr
mailto:jkrhee@konkuk.ac.kr
mailto:jungle@dau.ac.kr
mailto:jungshinlee@kangwon.ac.kr
mailto:juhlee@khu.ac.kr
mailto:kjlee@amc.seoul.kr
mailto:nari@kfri.re.kr
mailto:seonlee@dau.ac.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


  

Lee, Sung Haeng Chosun University, Korea 

E-mail : sunglee@chosun.ac.kr 

  

Lee, Sung-Joon Korea University, Korea 

E-mail : junelee@korea.ac.kr 

  

Lee, Sung Kuk Ulsan National Institute of Science and Technology, Korea 

E-mail : sklee77@gmail.com 

  

Lee, Tae Hoon Chonnam National University, Korea 

E-mail : thlee83@chonnam.ac.kr 

  

Liang, Xiaozhen Chinese Academy of Sciences, China 

E-mail : xzliang@ips.ac.cn 

  

Lim, Sang-Yong Korea Atomic Energy Research Institute 

E-mail : saylim@kaeri.re.kr 

  

Na, Dokyun Chung-Ang University, Korea 

E-mail : blisszen@cau.ac.kr 

  

Nam, Sang-Jip Ewha Womans University, Korea 

E-mail : sjnam@ewha.ac.kr 

  

Oh, Jong-Won Yonsei University, Korea 

E-mail : jwoh@yonsei.ac.kr 

  

Oh, Sangtaek Kookmin University, Korea 

E-mail : ohsa@kookmin.ac.kr 

  

Park, Cheonseok Kyung Hee University, Korea 

E-mail : cspark@khu.ac.kr 

  

Park, Chulhwan Kwangwoon University, Korea 

E-mail : chpark@kw.ac.kr 

  

Park, Hee-Soo Kyungpook National University, Korea 

E-mail : phsoo97@knu.ac.kr 

  

Park, Jin-Byung Ewha Womans University, Korea 

E-mail : jbpark06@ewha.ac.kr 

  

Digital Repository Universitas Jember

mailto:sunglee@chosun.ac.kr
mailto:junelee@korea.ac.kr
mailto:sklee77@gmail.com
mailto:thlee83@chonnam.ac.kr
mailto:xzliang@ips.ac.cn
mailto:saylim@kaeri.re.kr
mailto:blisszen@cau.ac.kr
mailto:sjnam@ewha.ac.kr
mailto:jwoh@yonsei.ac.kr
mailto:ohsa@kookmin.ac.kr
mailto:cspark@khu.ac.kr
mailto:chpark@kw.ac.kr
mailto:phsoo97@knu.ac.kr
mailto:jbpark06@ewha.ac.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Park, Mi-Kyung Kyungpook National University, Korea 
E-mail : parkmik@knu.ac.kr 

  

Park, Yong-Cheol Kookmin University, Korea 

E-mail : ycpark@kookmin.ac.kr 

  

Rhee, Jin-Kyu Ewha Womans University, Korea 

E-mail : jkrhee@ewha.ac.kr 

  

Sakamoto, Kimitoshi Hirosaki University, Japan 

E-mail : sakamok@hirosaki-u.ac.jp 

  

Sauer, Michael Univ. Natural Resources & Life Sci., Austria 

E-mail : michael.sauer@boku.ac.at 

  

Seo, Myung-Ji Incheon National University 

E-mail : mjseo@incheon.ac.kr 

  

Seo, Taegun Dongguk University, Korea 

E-mail : tseo@dongguk.edu 

  

Seo, Young-Su Pusan National University, Korea 

E-mail : yseo2011@pusan.ac.kr 

  

Shin, Hakdong Sejong university, Korea 

E-mail : hshin@sejong.ac.kr 

  

Shin, Jae Ho Kyungpook National University, Korea 

E-mail : jhshin@knu.ac.kr 

  

Singh, Sanjeev Kumar Alagappa University, India 

E-mail : skysanjeev@gmail.com 

  

Shin, Sung Jae Yonsei University, Korea 

E-mail : sjshin@yuhs.ac 

  

Sul, Woo Jun Chung-Ang University, Korea 

E-mail : sulwj@cau.ac.kr 

  

Sung, Bong Hyun KRIBB, Korea 

E-mail : bhsung@kribb.re.kr 

  

Suwanto, Antonius Bogor Agricultural University, Indonesia 

E-mail : antoniussuwanto@gmail.com 

Digital Repository Universitas Jember

mailto:parkmik@knu.ac.kr
mailto:ycpark@kookmin.ac.kr
mailto:jkrhee@ewha.ac.kr
mailto:sakamok@hirosaki-u.ac.jp
mailto:michael.sauer@boku.ac.at
mailto:mjseo@incheon.ac.kr
mailto:tseo@dongguk.edu
mailto:yseo2011@pusan.ac.kr
mailto:hshin@sejong.ac.kr
mailto:jhshin@knu.ac.kr
mailto:skysanjeev@gmail.com
mailto:skysanjeev@gmail.com
mailto:sulwj@cau.ac.kr
mailto:bhsung@kribb.re.kr
mailto:antoniussuwanto@gmail.com
http://repository.unej.ac.id/
http://repository.unej.ac.id/


  

Uyama, Hiroshi Osaka University, Japan 

E-mail : uyama@chem.eng.osaka-u.ac.jp  

  

Xue, Chaoyang Rutgers New Jersey Medical School, USA 

E-mail : xuech@njms.rutgers.edu 

  

Yang, Yung-Hun Konkuk University, Korea 

E-mail : seokor@konkuk.ac.kr 

  

Yi, Hana Korea University, Korea 

E-mail : hanayi@korea.ac.kr 

  

Yoon, Jang Won Kangwon National University, Korea 

E-mail : jwy706@kangwon.ac.kr 

  

Yoon, Sang-Sun Yonsei University, Korea 

E-mail : sangsun_yoon@yuhs.ac 

  

Yoon, Sukhwan KAIST, Korea 

E-mail : syoon80@kaist.ac.kr 

  

Yoon, Yeo Joon Ewha Womans University, Korea 

E-mail : joonyoon@ewha.ac.kr 

  

Yoon, Yohan Sookmyung Women's University 

E-mail : yyoon@sookmyung.ac.kr 

  

Yun, Jong-Won Daegu University, Korea 

E-mail : jwyun@daegu.ac.kr 

  

Zhang, Ye-Wang Jiangsu University, China 

E-mail : zhangyewang@ujs.edu.cn 

  

 

 

Manuscript Editor 

  

Yoo, Seong 

Yeon 

Journals Department, Korean Society for Microbiology and Biotechnology, 

Korea 

E-mail : jmb@jmb.or.k 

 

 

Digital Repository Universitas Jember

mailto:uyama@chem.eng.osaka-u.ac.jp
mailto:xuech@njms.rutgers.edu
mailto:seokor@konkuk.ac.kr
mailto:hanayi@korea.ac.kr
mailto:jwy706@kangwon.ac.kr
mailto:sangsun_yoon@yuhs.ac
mailto:syoon80@kaist.ac.kr
mailto:joonyoon@ewha.ac.kr
mailto:yyoon@sookmyung.ac.kr
mailto:jwyun@daegu.ac.kr
mailto:zhangyewang@ujs.edu.cn
mailto:jmb@jmb.or.kr
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Volume 22, May 2012, Number 5 
List of Content 

 
Characterization of Silver Nanoparticles Synthesized by Using Marine Isolate Streptomyces 

albidoflavus  

Reddy Shetty Prakasham, Sudheer Kumar Buddana, Sudheer Kumar Yannam, Girija Shankar 

Guntuku 

J. Microbiol. Biotechnol. 2012 5; 22(5): 614~621 (PDF download : 1716) 

https://doi.org/10.4014/jmb.1107.07013 
 

Genetic Organization of ascB-dapE Internalin Cluster Serves as a Potential Marker for Listeria 

monocytogenes Sublineages IIA, IIB, and IIC 

Jianshun Chen, Chun Fang, Ningyu Zhu, Yonghui Lv, Changyong Cheng, Yijiang Bei, Tianlun 

Zheng, Weihuan Fang 

J. Microbiol. Biotechnol. 2012 5; 22(5): 575~584 (PDF download : 237) 

https://doi.org/10.4014/jmb.1110.10056 
 

Antagonistic Potentiality of Trichoderma harzianum Towards Seed-Borne Fungal Pathogens of 

Winter Wheat cv. Protiva In Vitro and In Vivo 

M. M. Hasan, S. M. E. Rahman, Gwang-Hee Kim, Elgorban Abdallah, Deog-Hwan Oh 

J. Microbiol. Biotechnol. 2012 5; 22(5): 585~591 (PDF download : 602) 

https://doi.org/10.4014/jmb.1107.07063 
 

Investigation on the Effects of Three X→Histidine Replacements on Thermostability of α-

Amylase from Bacillus amyloliquefaciens 

Karimeh Haghani, Khosro Khajeh, Hossein Naderi-Manesh, Bijan Ranjbar 

J. Microbiol. Biotechnol. 2012 5; 22(5): 592~599 (PDF download : 321) 

 

Identification of Chinese Cabbage Sentrin as a Suppressor of Bax-Induced Cell Death in Yeast 

Widhi Dyah Sawitri, Slameto Slameto, Bambang Sugiharto, Kyung-Min Kim 

J. Microbiol. Biotechnol. 2012 5; 22(5): 600~606 (PDF download : 279) 

https://doi.org/10.4014/jmb.1109.09038 

 

Improvement of Cellulase Activity Using Error-Prone Rolling Circle Amplification and Site-

Directed Mutagenesis 

Van Hanh Vu, Keun Kim 

J. Microbiol. Biotechnol. 2012 5; 22(5): 607~613 (PDF download : 387) 

https://doi.org/10.4014/jmb.1107.07033 

 

Characterization of Silver Nanoparticles Synthesized by Using Marine Isolate Streptomyces 

albidoflavus 

Reddy Shetty Prakasham, Sudheer Kumar Buddana, Sudheer Kumar Yannam, Girija Shankar 

Guntuku 

J. Microbiol. Biotechnol. 2012 5; 22(5): 614~621 (PDF download : 1716) 

https://doi.org/10.4014/jmb.1107.07013 

 

Digital Repository Universitas Jember

https://doi.org/10.4014/jmb.1107.07013
https://doi.org/10.4014/jmb.1110.10056
https://doi.org/10.4014/jmb.1107.07063
https://doi.org/10.4014/jmb.1109.09038
https://doi.org/10.4014/jmb.1107.07033
https://doi.org/10.4014/jmb.1107.07013
http://repository.unej.ac.id/
http://repository.unej.ac.id/


6-Methoxyluteolin from Chrysanthemum zawadskii var. latilobum Suppresses Histamine 

Release and Calcium Influx via Down-Regulation of FcεRI α Chain Expression 

Sun-Yup Shim, Jeong-Ro Park, Dae-Seok Byun 

J. Microbiol. Biotechnol. 2012 5; 22(5): 628~636 (PDF download : 495) 

https://doi.org/10.4014/jmb.1111.11060 

 

Stabilization of a Raw-Starch-Digesting Amylase by Multipoint Covalent Attachment on 

Glutaraldehyde-Activated Amberlite Beads 

Tochukwu N. Nwagu, Bartho N. Okolo, Hideki Aoyagi 

https://doi.org/10.4014/jmb.1108.08070 

 

Biochemical Characterization of Thermophilic Dextranase from a Thermophilic Bacterium, 

Thermoanaerobacter pseudethanolicus 

Tae-Soon Park, Hyung Jae Jeong, Jin-A Ko, Young Bae Ryu, Su-Jin Park, Doman Kim, Young-

Min Kim, Woo Song Lee 

https://doi.org/10.4014/jmb.1112.12024 

 

Genome Organization of Temperate Phage 11143 from Emetic Bacillus cereus NCTC11143 

Young-Duck Lee, Jong-Hyun Park 

J. Microbiol. Biotechnol. 2012 5; 22(5): 654~658 (PDF download : 350) 

https://doi.org/10.4014/jmb.1110.10065 

 

Identification of Factors Regulating Escherichia coli 2,3-Butanediol Production by Continuous 

Culture and Metabolic Flux Analysis 

Mingshou Lu, Soojin Lee, Borim Kim, Changhun Park, Minkyu Oh, Kyungmoon Park, Sang 

Yup Lee, Jinwon Lee 

J. Microbiol. Biotechnol. 2012 5; 22(5): 668~673 (PDF download : 867) 

https://doi.org/10.4014/jmb.1112.12018 

 

Production, Purification, and Characterization of Antifungal Metabolite from Pseudomonas 

aeruginosa SD12, a New Strain Obtained from Tannery Waste Polluted Soil 

Seema Dharni, Mansoor Alam, Komal Kalani, Abdul Khaliq, Abdul Samad, Santosh Kumar 

Srivastava, Dharani Dhar Patra 

J. Microbiol. Biotechnol. 2012 5; 22(5): 674~683 (PDF download : 1146) 

https://doi.org/10.4014/jmb.1109.09061 

 

Biosequestration, Transformation, and Volatilization of Mercury by Lysinibacillus fusiformis 

Isolated from Industrial Effluent 

Saurabh Gupta, Richa Goyal, Jashan Nirwan, Swaranjit Singh Cameotra, Nagaraja Tejoprakash 

J. Microbiol. Biotechnol. 2012 5; 22(5): 684~689 (PDF download : 386) 

https://doi.org/10.4014/jmb.1109.08022 

 

Characteristics of a Novel Acinetobacter sp. and Its Kinetics in Hexavalent Chromium 

Bioreduction 

Narayani M., Vidya Shetty K 

J. Microbiol. Biotechnol. 2012 5; 22(5): 690~698 (PDF download : 234) 

Digital Repository Universitas Jember

https://doi.org/10.4014/jmb.1111.11060
https://doi.org/10.4014/jmb.1108.08070
https://doi.org/10.4014/jmb.1112.12024
https://doi.org/10.4014/jmb.1110.10065
https://doi.org/10.4014/jmb.1112.12018
https://doi.org/10.4014/jmb.1109.09061
https://doi.org/10.4014/jmb.1109.08022
http://repository.unej.ac.id/
http://repository.unej.ac.id/


 
  

 
 

 

 https://doi.org/10.4014/jmb.1110.10073 

 

Identification of Reassortant Pandemic H1N1 Influenza Virus in Korean Pigs 

Jae Yeon Han, Sung Jun Park, Hye Kwon Kim, Semi Rho, Giap Van Nguyen, Daesub Song, 

Bo Kyu Kang, Hyung Jun Moon, Min Joo Yeom, Bong Kyun Park 

J. Microbiol. Biotechnol. 2012 5; 22(5): 699~707 (PDF download : 390) 

https://doi.org/10.4014/jmb.1106.05062 

 

Effect of Ginsenoside Re on Depression- and Anxiety-Like Behaviors and Cognition Memory 

Deficit Induced by Repeated Immobilization in Rats 

Bombi Lee, Insop Shim, Hyejung Lee, Dae-Hyun Hahm 

J. Microbiol. Biotechnol. 2012 5; 22(5): 708~720 (PDF download : 732) 

https://doi.org/10.4014/jmb.1112.12046 

 

Neutralization of Human Papillomavirus by Specific Nanobodies Against Major Capsid 

Protein L1 

Sara Minaeian, Fatemeh Rahbarizadeh, Sayyed Hamid Zarkesh-Esfahani, Davoud Ahmadvand, 

Oliver Jay Broom 

J. Microbiol. Biotechnol. 2012 5; 22(5): 721~728 (PDF download : 506) 

https://doi.org/10.4014/jmb.1112.12001 

 

 

 

 

 

 

Digital Repository Universitas Jember

https://doi.org/10.4014/jmb.1110.10073
https://doi.org/10.4014/jmb.1106.05062
https://doi.org/10.4014/jmb.1112.12046
https://doi.org/10.4014/jmb.1112.12001
http://repository.unej.ac.id/
http://repository.unej.ac.id/


J. Microbiol. Biotechnol. (2012), 22(5), 600–606
http://dx.doi.org/10.4014/jmb.1109.09038
First published online March 18, 2012
pISSN 1017-7825 eISSN 1738-8872

Identification of Chinese Cabbage Sentrin as a Suppressor of Bax-Induced
Cell Death in Yeast

Sawitri, Widhi Dyah
1
, Slameto Slameto

2
, Bambang Sugiharto

3
, and Kyung-Min Kim

1,4
*

1School of Applied Ecological Resources, College of Ecology and Environmental Science, Kyungpook National University, Sangju
742-711, Korea
2Department of Agronomy, Faculty of Agriculture, Jember University, 68121, Indonesia
3Department of Biology, Faculty of Mathematics and Science, Jember University, 68121, Indonesia
4Division of Plant Biosciences, School of Applied BioSciences, College of Agriculture and Life Science, Kyungpook National
University, Daegu 702-701, Korea

Received: September 16, 2011 / Revised: December 29, 2011 / Accepted: December 30, 2011

Studies into the cell death program termed apoptosis have

resulted in new information regarding how cells control

and execute their own demise, including insights into the

mechanism by which death-preventing factors can inhibit

Bax-induced caspase activation. We investigated high

temperature stress-induced cell death in Brassica rapa.

Using a yeast functional screening from a Brassica rapa

cDNA library, the BH5-127 EST clone encoding an

apoptotic suppressor peptide was identified. However, a

phylogenic tree showed that BH5-127 clusters within a

clade containing SUMO-1 (Small Ubiquitin-like Modifier-

1). BH5-127 was confirmed similar to have function to

SUMO-1 as Fas suppression. Expression of BH5-127

showed that substantial suppression of cell death survived

on SD-galactose-Leu
-

-Ura
-

 medium. The results suggest

that BrSE (Brassica rapa Sentrin EST, BH5-127) is one of

the important regulatory proteins in programming cell

death, especially in the seedling stage of Chinese cabbage.

Keywords: Apoptosis, Brassica rapa, sentrin, SUMO-1, yeast

functional screening

Apoptosis is the process of programmed cell death (PCD)

that may occur in cell organisms. The most downstream

components of the cell death machinery identified to date

are proteases known as caspases [11]. Although some of

the interactions among known cell death components have

been described, there are major gaps in the understanding

of the cell death process. For example, the cellular targets

of caspases that lead to cell death have not yet been fully

described. Another example is the mechanism by which

death-preventing members of the Bcl-2 family, such as

Bax Inhibitor (BI-1), can inhibit Bax-induced caspase

activation [13]. Overexpression of Arabidopsis thaliana

BI-1 that is a suppressor of cell death increased resistance

to Bax-induced cell death in this plant [6]. Genetic

engineering and modern molecular breeding methods have

been used to isolate key genes involved in stress responses

in plants. Functional screening of microorganisms that

express heterologous cDNA libraries is a powerful tool for

identifying genes with a specific function. Functional

screening in yeast to identify genetic determinants capable

of conferring abiotic stress tolerance in Jatropha curcas

has been reported [3].

Recently, PCD in plant cells under abiotic stresses has

also been investigated. Expression of BI-1 in Arabidopsis

is induced under high temperature and reactive oxygen

stress condition. Heat shock has been implicated in

inducing abiotic stress factors including expression of BI-1

genes [5, 17]. The yield losses due to high temperature are

large and are often combined with losses from other

environmental stress. Chinese cabbage (Brassica rapa) is

more sensitive to heat stress than other Brassica species.

Although observation did not indicate the exact developmental

phase at when the reproductive organs are susceptible to

heat stress, pods that had passed the critical threshold

developmental phase tolerated heat stress. The temperature

effect on reproductive organs appeared to be responsible

for the reduction in yield [1]. Expression profiling of

Brassica rapa showed that heat treatment triggered

significant accumulation of heat shock proteins, and some

cell-wall-modifying genes related to thermotolerance were

up-regulated. With respect to temperature shift, severe heat

stress induces an alarming situation leading to irreversible
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injury and cell death, whereas moderate heat stress triggers

thermotolerance [20]. 

It has been demonstrated that abiotic stresses cause a

significant reduction in the potential yield of crops, and

this loss will only be worsened with the dramatic climate

change expected in the near future [11]. Abiotic stress is

widely considered a detrimental factor in crop production.

In this study, we report the existence of a Brassica rapa

EST encoding the peptide as an apoptotic suppressor

otherwise known as an antiapoptotic factor under high

temperature stress.

MATERIALS AND METHODS

Plant Material and Stress Test

Seeds of the Brassica rapa L. ssp. pekinensis inbred line “Chiifu”

(289001) were received from the Brassica Resource Bank, Daejon,

Korea. Seeds were germinated in Korean artificial soil and grown

for 28 days in a growth chamber as previously described [10]. Three-

week-old plants were subjected to a heat stress treatment, which was

a growth chamber heated to 35
o
C (16 h day/8 h night, RH 50%) for

one week. After the heat stress treatment, the leaves of the Chinese

cabbage were sampled [1]. The plants that had no treatment were

sampled as a control.

RNA Isolation and cDNA Library Construction

Total RNA was isolated using the RNeasy Plant Mini Kit (qiagen,

Germany) according to the manufacturer’s instructions, and the

RNA quality and quantity were monitored visually using RNA gel

electrophoresis and spectrophotometrically using a Nanodrop instrument

(Nanodrop 2000 Thermoscientific, Wilmington, DE, USA). The

cDNA library was created from total RNA using a TaKaRa cDNA

Library kit (TaKaRa Code 6119 and 6130, Takara Bio Inc, Japan).

After digestion with EcoRI and XhoI, cDNA derived from Chinese

cabbage was inserted into the EcoRI and XhoI sites of vector pYX112

(Ingenius, Wisbaden, Germany), carrying an ARS/CEN replicon, the

triose-phosphate isomerase promoter, and selectable marker URA3.

The cDNA library was used to transform Escherichia coli (DH5α),

and then 1.8 × 10
3
 independent clones were pooled and amplified in

a 10 ml culture to prepare plasmid DNA [15, 19].

Yeast Functional Screening

A plasmid-DNA-inserted Chinese cabbage cDNA library was

transformed into yeast Saccharomyces cerevisiae strain QX95001

[18]. The transformation was performed using the lithium acetate

method following heat shock for 5 min at 42oC. Transformants were

grown on glucose-containing synthetic dropout medium lacking leucine

and uracil at 30
o
C and screened for Bax-resistant transformants by

plating on solid medium containing glucose and galactose with

amino acids but lacking leucine and uracil. Plates were incubated at

30
o
C for 3 days. Yeast cell growth was determined by measuring the

OD660 of a yeast suspension culture [11]. The clones were

transferred to galactose-containing medium to induce cell death

expression. The OD660 was measured after culturing for 48 h. The

number of viable cells was counted by the addition of Evans blue.

Evans blue penetrates only dead cells and results in a blue staining

of the cellular contents. The percentage of dead cells generated by

each treatment was determined by scoring the cells using a

microscope [19]. Functional characterization of BH5-127 in suppression

of cell death was shown by transformation of S. cerevisiae and heat

stressed at 35oC for 72 h. Yeast cell growth was determined by

measuring the OD660 of a yeast suspension culture.

 

Yeast Plasmid Isolation, RT-PCR, Construction of GFP, and

Data Analysis

Isolation of yeast plasmid was performed using a QIAprep Spin

Miniprep kit using a microcentrifuge (Qiagen, Germany) with

modification in the membrane lyses stage. The yeast cell pellet was

suspended in 250 µl of Buffer P1 containing RNase A by a

TissueLyser (Qiagen, Germany). Cells were lysed by adding 250 µl

of Buffer P2 from the Qiagen kit and mixed by inverting the tube,

followed by 10 min incubation at 22
o
C. During this period, cell lysis

causes release of DNA and the mixture in the tube becomes

viscous. At this stage, 350 µl of Buffer N3 was added to the lysate,

and after mixing by gentle inversion, the tube was incubated on ice

for 30 min. Subsequently, the protocol of the QIAprep Spin Miniprep

Kit using a microcentrifuge was followed [13]. Yeast plasmids were

analyzed with PCR using pYX primers: 5'-end forward primer (5'-

GGAGTTTAGTGAACTTGC-3') and 3'-end complementary strand

reverse primer (5'-GGCATGTATCGGTCAGTC-3') with annealing

temperature of 56
o
C for 30 s. The PCR product profiles were

monitored by agarose gel electrophoresis.

Thereafter, 500 ng of purified RNA from Brassica rapa was

analyzed by RT-PCR using SuperScript III One-step RT-PCR with

Platinum Taq DNA Polymerase (Invitrogen Co., Carlsbad, CA,

USA). RT-PCR was performed using 20 pmol of specific primers

for Brassica rapa sentrin (BrS): 5'-end forward primer (5'-

CGAGCGCGTGGTACCACGGT-3') and 3'-end complementary strand

reverse primer (5'-TACTTAGTCGACTCTAGACC-3'). The cycling

condition for PCR was 94oC for 2 min, 94oC for 15 s, 64oC for 30 s,

and 72oC for 1 min. The amplification reaction was carried out for

40 cycles with a final extension at 72
o
C for 10 min.

The sequencing of Chinese cabbage cDNA conferring resistance

high temperature stresses was performed by Solgent, Korea. We

performed computational searches using BLAST sequence databases

through the National Center of Biotechnology Information (NCBI;

http://blast.ncbi.nlm.nih.gov/) to understand and assign functional

classes the sequence information determined in this screening.

Identification of amino sequence and homology was performed using

GENETYX-WIN Version.3.1. The phylogenic tree was constructed

by UPGMA using MEGA4 [7].

The indication of intracellular localization was analyzed by GFP

construction. The indicated antiapoptotic gene from Chinese cabbage

was constructed into vector pBin-GFP. The construction was

performed by digestion with SalI and NcoI and was inserted into the

pBin-GFP vector. We confirmed the intracellular distribution of

GFP-tagged BH5-127 by MitoTracker, a mitochondrion-selective

probe (Molecular Probes, Inc. M-7513).

RESULTS AND DISCUSSION

Brassica rapa was subjected to high temperature treatment

(35oC) after the plant was 28 days old. The height, amount

of leaves, and biomass were measured and compared
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before being sampled. The leaves of Brassica rapa after

high temperature stress treatment at 35oC showed that

discoloration, quantity of height, amount of leaves, and

biomass were lower than Brassica rapa control, which was

incubated at 25oC (Table 1). High temperature can cause

considerable harvest damages, including scorching of plant

leaves, branches, and stems, root growth, and reduced

yield [16]. Therefore, the discoloration of leaves and the

less harvest had appeared in Brassica rapa.

Yeast cells containing pYX112-cDNA were used to

screen for Brassica rapa genes that can inhibit yeast

growth. The QX95001 contains a galactose inducible

promoter (GAL1), whereas pYX112 contains a constitutive

promoter (TPI). The clones that survived on a galactose

medium were isolated. The clones contain the genes that

inhibit yeast growth and whose activities are suppressed

[8]. Screening of 528 clones of high-temperature-induced

Brassica rapa cDNA identified about 39 clones that

survived following Bax expression on galactose-containing

medium, and 7 colonies were recovered that exhibited

substantial suppression of cell death on galactose-containing

medium (Table 2). Meanwhile, screening of 324 clones of

Chinese cabbage cDNA resulted in 5 clones growing on

galactose-containing medium, and no colony was recovered

after suppression of cell death. Yeast clones that survived

on galactose-containing medium were isolated and PCR

performed using the pYX-forward and pYX-reverse primers.

The gel analyses of amplification of the double-stranded

cDNA library displayed large sizes over 300 bp that were

assumed to be the insertions of the cDNA target in the

vector. Analysis of DNA sequence information from yeast

transformants demonstrated that 7 sequences encoded an

expressed sequence tag (EST) as apoptosis suppressor.

One of the EST clones, BH5-127 (Accession No. AB609070),

contained SUMO-1 (Fig. 1). Nucleotide sequence analysis

of SUMO-1 indicated that this clone is 293 nucleotides

long and encoded a functional polypeptide of 98 amino

acids (Fig. 1A). The predicted sequence was derived from

the databases containing cDNA sequences at NCBI and

are 63.9% identical to Sentrin mRNA from Cervus nippon

(Accession No. AF242526.1; data not shown). As shown in

Fig. 1B, Sentrin/SUMO-1 protein showed sequence homology

to Lycopersicon esculentum (AJ012717), Zea mays

(FJ515940.2), Oryza sativa (X99608), and Arabidopsis

(X99609). This protein has homology with the Cervus

nippon Sentrin protein (50%) and with Homo sapiens

SUMO-1 protein (Accession No. NM003352.4; 16.7%).

There was also weak homology with AtBI-1 (25%). A

phylogenetic tree analysis of Sentrin/SUMO-1 protein

from plant, animal, and human was constructed using the

UPGMA (Unweighted Pair Group Method with Arithmetic

Mean). A tree comprising Sentrin/SUMO-1 proteins in

Table 1. Characteristics of growth to 35oC in Brassica rapa, “Chiifu”.

Temperature treatment
(oC)

Biomass Leaf no. Plant height (cm)

Fresh weight (mg) Dry weight (mg) 27dy 40d 27d 40d

35 460.2±87.7z 35.0± 7.3 10.0±2.1 11.4±2.3 12.9±4.8 14.7±4.3

25 454.6±56.4 73.4±13.9 12.0±1.2 17.4±2.0 14.8±1.0 15.8±1.6

z
mean±standard deviation, 

y
d :

 
days after treatment.

Table 2. Identification of 39 clones that survived on selection galactose medium SD-galactose-Leu--Ura-.

Putative characteristic Clones

Prion protein BH5-298

Proteinase inhibitor (serine) BH5-289

Phosphoglucose isomerase PSI-1.1 BH5-294

Ferredoxin BH5-287

Water stress inducible protein Rab21 BH5-127

Fe-superoxidase dismutase BH5-25

SUMO (Small Ubiquitin like-Modifier) BH5-127, BH5-132

Nothing significant found BH5-2-1, BH5-14-2, BH5-10-3, BH5-11-5, BH5-277, BH5-362

No insert clones and small insert BH5-18, BH5-275, BH5-207, BH5-12, BH5-13, BH5-32, BH5-91, BH5-94, 
BH5-118, BH5-216, BH5-222, BH5-223, BH5-251, BH5-268, BH5-277, BH3-274, 
BH3-290, BH3-299, BH3-362, BH3-244, BH3-245, BH3-246, BH3-271, BH3-272, 
BH3-283, BH3-285

Total 39 clones
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plant showed that O. sativa, Arabidopsis, and Lycopersicon

esculentum are closely related to human Sentrin/SUMO-1.

Otherwise, BH5-127 clusters within a clade contained

SUMO-1 of C. nippon, which is implicated in suppressing

cell death control (Fig. 1C). We named BrSE (Brassica

rapa Sentrin EST) as Sentrin of Chinese cabbage.

A cDNA library derived from Brassica rapa was

constructed using a yeast expression vector, which was

then screened for suppression of cell death in the S.

cerevisiae strain QX95001 obtained by transforming wild-

type yeast, BF264-15Dau, containing a Leu-marked plasmid

with Yep51-Bax from which the full-length mouse Bax

protein is expressed under the control of a galactose-

inducible yeast GAL1 promoter. Bax-induced cell death is

initiated by transferring cells from glucose- to galactose-

containing medium. As shown in Fig. 2A, yeast strain

QX95001 transformed with the pYX112 vector, and

pYX112-Bax did not grow when plated on galactose-

containing medium. However, the clones AtBI-1 and BH5-

127 survived and grew when plated on galactose-containing

medium. The effect of apoptotic suppressor expression on

yeast growth was determined by measuring the OD660 of

the yeast culture suspension. The level of yeast growth was

examined in SD-galactose-Leu--Ura- after 48 h at 30oC.

The graph in Fig. 2B shows that AtBI-1 yeast culture

growth reach 0.41, which was higher (0.15) than BH5-127

Fig. 1. Characteristics of BH5-127 screened from Brassica rapa “Chiibu” cDNA using yeast functional screening.
(A) DNA and amino sequence of coding region for BH5-127. (B) Homology of BH5-127. *,. : same and similar, respectively. (C) The phylogenic tree

(neighbor-join, 100 bootstrap) from Brassica rapa EST (BH5-127), Lycopersicon esculentum Sentrin, Arabidopsis thaliana SUMO-1 Isopeptidase, Homo

sapiens SUMO-1, Oryza sativa SUMO-1, Arabidopsis thaliana Bax Inhibitor-1, Cervus Nippon Sentrin, Zea mays SUMO-1.
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yeast culture. The capability of yeast as an apoptotic

suppressor was expressed by both AtBI-1 (0.41) and BH5-

127 (0.15) yeast cultures. Strains transformed with the

pYX112 vector or pYX112-Bax grew less than those

expressing AtBI-1 or BH5-127, consistent with the fact

that neither pYX112 nor pYX112-Bax contained the

apoptotic suppressor.

These results were confirmed by visualizing yeast cells,

where the BH5-127 clone prevented Bax-induced cell death.

The number of dead cells was counted by Evans Blue

staining. As shown in Fig. 2C, the cells began to die after

14 h of Bax-induced cell death expression. Visualization of

strains expressing AtBI-1 or BH5-127 showed that the

cells were still intact. The normal number of dead cells in

yeast under these conditions was demonstrated by the

pYX112 vector and pYX112-Bax samples. Bax-induced

cell death of QX95001 is triggered by transferring cells

from glucose- to galactose-containing medium [11]. Detection

of ROS generation by Evans Blue staining was used. This

reagent diffuses through cell membranes and is subsequently

enzymatically deacetylated and then oxidized by ROS

[19]. Expression of the SUMO-1 RNA from Brassica rapa

was confirmed by RT-PCR using specific primers (BrS):

5'-end (5'-CGAGCGCGTGGTACCACGGT-3') and 3'-end

complementary strand (5'-TACTTAGTCGACTCTAGACC-

3'). As shown in Fig. 2D, the expression of SUMO-1 was

confirmed. BH5-127 showed stronger expression than the

Brassica rapa control. Expression of the proapoptotic gene

Bax in yeast results in cell death with an apoptotic

phenotype, which is suppressed by coexpression of anti-

apoptotic genes. BH5-127 was tagged with GFP to explore

the intracellular localization of BH5-127. This indicated

that fusion of BH5-127-GFP was localized to mitochondria

in the yeast cell (Fig. 3).

Using a similar screening system, several plant genes

were isolated as suppressors of Bax-induced cell death in

yeast [13, 18, 19]. Functional characterization of BH5-127 in

the suppression of cell death was shown by transformation

Fig. 2. Comparison of growth-suppression activities of BH5-127 in yeast.
(A) Yeast cells transformed with plasmids containing galactose-inducible BrSE (pYX112-BrSE), AtBI-1 (pYX112-AtBI-1), Bax (pYX112-Bax), and vector

(pYX112) were cultured in glucose-containing SD medium. (B) Yeast growth culture is shown by OD660 measurements using galactose-containing medium.

+ : a clone showed on the medium. - : no clone showed on the medium. (C) The cell visualization of yeast growth culture after 14 h. Blue staining showed

that the yeast cell was death. (D) BrSE (Brassica rapa Sentrin EST) was confirmed by RT-PCR.
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of S. cerevisiae and heat stress at 35oC for 72 h. When

exposed to heat stress conditions, the levels of ROS

production also increased in transgenic and control yeasts,

but only resulted in death of control yeast (transformed to

pYX112). However, yeast expressing antiapoptotic protein

was protected to a greater extent. Fig. 4. showed that

transgenic yeast, including AtBI and BrSE, grew well

under high temperature stress.

S. cerevisiae has been shown to be a useful model for

apoptosis research. Features of metazoan PCD have been

observed in yeast, where it has become evident that PCD

occurs, exhibiting at least some of these features. Oxidative

stress can cause cell death and occurs during heat-induced

cell death in yeast. The use of yeast is a high throughput

heterologous system for screening and identifying functionally

relevant genes of interest that regulate apoptosis. Yeast

may prove to be an attractive system to identify candidate

plant genes with the functional ability to modulate plant

cell death generated by ROS [2].

Another suppressor of Bax-induced cell death is dependent

on the activation mechanism used to initiate programmed

cell death. SUMO-1 is a protein that binds domains on the

protein Fas but not FADD. SUMO-1 may inhibit FADD-

dependent death by preventing aggregation of FADD on

activated Fas and by inhibiting recruitment of caspase 8

[12]. The regulation of caspase and cell death by Bax is

described in Fig. 5; Bax induces caspase activity. The most

downstream components of the cell death machinery

identified so far are proteins, known as caspases, a class of

cysteine proteases that cleave substrates following aspartate

residues. The activity of caspases can be regulated by a

variety of cellular factors. Some, such as the C. elegans

protein CED-4, the related mammalian protein Apaf-1, or

the mammalian protein Fas, can activate caspases and are

thus death promoters. Other proteins seem to promote cell

death in part by inhibiting the activities of death-

preventing proteins, such as BI-1 and SUMO-1. However,

there are different mechanisms for inhibition by BI-1 and

SUMO-1. BI-1 blocks cell death induced by Bax, but

SUMO-1 inhibits the activation of caspases [13]. In

mammalian cells, tumor necrosis factor (TNF) induces

programmed cell death by binding to the Fas/APO-1 receptor.

The presence of a “death domain” in the cytoplasmic region

of the receptor is responsible for transducing the death signal.

Using the death domain as bait in two-hybrid interaction

assay, SUMO-1 can be isolated. SUMO-1 shows amino

acid similarity to ubiquitin, Nedd8, and S. cerevisiae

protein Smt3. SUMO-1 provides protection against both

anti-Fas/APO-1 and TNF-induced cell death [4].

We have shown that the BrSE (Brassica rapa Sentrin

EST) is a defense factor that can suppress a cell death

inducible gene like Bax. By means of transient expression

of individual proteins, we identified inhibition of plant

PCD (programmed cell death) as the cell death mechanism

Fig. 3. Fluorescence distribution of GFP and GFP-tagged BH5-
127 in yeast possessing Bax. 
GFP and MitoTracker (left) are presented. Yeasts were cultured in glucose

and galactose media until an OD660 of ~0.5 before observation.

Fig. 4. Functional characterization of BH5-127 in suppression of
cell death caused by high temperature.
Yeast cells were transformed to express AtBI-1 (pYX112-AtBI-1), BH5-

127 (pYX112-BH5-127), vector (pYX112), or Bax (pYX112-Bax), and

then high temperature stressed at 35
o
C for 72 h.

Fig. 5. A model for BH5-127-suppressed FAS in Chinese cabbage.
Blunt arrows indicate inhibition. Pointed arrows indicate activation.

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


IDENTIFICATION OF A SUPPRESSOR OF CELL DEATH IN YEAST 606

of action of BrSE. Given the presumed importance of PCD

in abiotic stress-based plant defense, it is logical that the

AtBI-1 would target this process to cell death. It is possible

that abiotic stress effectors that have been implicated in

allowing plant growth to evade abiotic stress-based resistance

also function using a similar mechanism. Kim et al. [9]

reported the optimum concentration of difenoconazol for

growth inhibition of Chinese cabbage for the summer

production in the alpine region. This result reports that it is

effective in adaptability elevation after implantation by

making plug seedlings grow healthy in Chinese cabbage.

Therefore, it is possible to develop a variety that can

produce seedling of healthy Chinese cabbage if BrSE can

be activated to control abiotic stress (high temperature) as

investigated in this study.
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