Boston University

OpenBU http://open.bu.edu

Goldman School of Dental Medicine GSDM: Historical Theses and Dissertations (Open Access)

Role of the cystine knot in synthesis of
human salivary mucin MG1 (MUC5B)

https://hdl.handle.net/2144/38369
"Downloaded from OpenBU. Boston University's institutional repository."



BOSTON UNIVERSITY
GOLDMAN SCHOOL OF DENTAL MEDICINE

DEPARTMENT OF PERIODONTOLOGY AND ORAL BIOLOGY

Dissertation

Role of the Cystine Knot in Synthesis of Human Salivary Mucin MG1 (MUC5B)

By
Jungmee Youn, D.D.S.
Chosun University

Kwangju, Republic of Korea, 2002

Submitted in partial fulfillment of the requirements for the degree of
Master of Science

2004



Boston University

Copyright and Digitization Notice

Copyright of this work is held by the author.
This work is protected against unauthorized copying under Title 17, United States code.

This reproduction is made available for personal use, and is not for distribution.

The image quality of this digital reproduction depends on the quality of the print original. Signatures and
personal information, if present, have been redacted.



Pu g8
¢
>~ELY

Cal



Readers’ Approval Page

First Reader

Gwynneth D. Offner, Ph.D.
Associate Professor

Department of Medicine and
Department of Periodontology and
Oral Biology

I Signature”

NS

- Date

Second Reader

Thomas Van Dyke, DDS, Ph.D.
Professor and program director
Department of Periodontology and
Oral Biolo

21"}/0&

Date

Department Chairman

Frank G. Oppenhein, DMD, Ph.D.
Professor and Chairman
Department of Periodontology and
Orsl Bidjogy

0f/es/of
Date

i



Acknowledgements

I would like to express my gratitude to the people who have helped me to accomplish
this thesis. First of all, I would like to thank Dr. Robert Troxler for his great guidance and
warm friendship. He was not an ordinary mentor who only shared his knowledge on my
research project, but also gave advice on life matters. He let me learn enthusiasm toward
basic science.

Second, I would like to expand my gratitude to Dr. Gwynneth Offner for her
remarkable efforts to let me overcome difficulties with finishing my research work and this
thesis. When I was stuck with unexpected results, she seemed always to have possible
answers and good ideas to try differently.

I also want to thank Dr. Frank Oppenheim to give me an opportunity to have
wonderful experience in research work. Through this one year, I came to understand the
importance of basic science in Periodontology.

I am thankful of the colleagues, Dr. Camille Siquiera, Dr. Lucila Bruno and Dr.
Xiaojing Li for their help and sharing knowledge with me. Without their help, I would not
have finished my research.

Lastly, I would like to show my deepest gratitude to my parents and brother, who let
me pursue my goal and be there for me all the time whenever I need them. I have learned
ambition and positive attitude to life from my father, and I can not explain with words how

much 1 respect him.

111



Abstract

Mucins are a family of large, heavily glycosylated proteins. Among different kinds of
mucins, MUC5B is the most abundant mucin in human saliva. Structurally, mucins have a
large central region formed of multiple tandem repeats, which is the site of glycosylation,
and the amino- and carboxyl-terminal regions which are rich in cysteines and are likely
involved in establishing disulfide linkages within and among mucin monomers. The
carboxyl-terminal region of MUCS5B contains a cystine knot (CK) containing 11 half
cystines, 6 of which are predicted to participate in three intrachain disulfide bonds.
Therefore, the purpose of this investigation was to assess the role of these 11 cysteine
residues in disulfide bond formation.

To study the importance of the CK in MUC5B dimer formation, cDNA sequences
encoding the carboxyl-terminal 108 amino acids were cloned into the eukaryotic expression
vector pSecTag? to generate plasmid pMS5SB108. Meanwhile, each of the 11 cysteines in the
carboxyl-terminal 108 residues of MUCSB was mutated to alanine by using two
complimentary oligonucleotides containing the desired mutations, and mutant plasmids
were established. Expression studies performed in COS-7 cells showed that the cells
transfected with pM5B108 secreted an immunoreactive protein of ~65 kDa which likely
represents glycosylated disulfide linked dimers. Under reducing conditions, a series of
immunoreactive proteins ranging from ~35 kDa to ~50 kDa and a small quantity of a
protein of ~75 kDa were observed. The proteins in the ~35 kDa to ~50 kDa range likely

represent variously glycosylated monomers with 0, 1, 2 or 3 glycans.
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COS-7 cells transfected with mutant plasmid C962A secreted ~65 kDa dimers and
higher molecular weight aggregates that likely represent randomly linked disulfide
multimers. Mutants C879A, C893A, C902A, C906A, C926A, C940A, C956A and C958A
did not secrete dimers but secreted relatively large quantities of higher molecular weight
aggregates. Secretion was severely impaired in COS-7 cells transfected with C923A and
C925A as evidenced by the absence of dimers and minimal secretion of higher molecular
weight aggregates. Under reducing conditions, two groups of immunoreactive proteins were
displayed, one corresponding to the typical ~35 kDa to ~50 kDa monomers and the other to
immunoreactive préteins in the ~75 kDa to ~100 kDa. A notable exception was C923A
where the only bands were found between ~35 kDa to ~50 kDa.

These results showed that mutation of C879A and C926A, C902A and C956 and
C906A and C958 of the predicted CK destroyed the ability to produce dimers. This suggests
that all 3 of the disulfide bonds of the predicted CK are essential to orient one or more
additional cysteines that participate in intermolecular disulfide linkages between the same

or a different cysteine in a second monomer.
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