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Protein disulfide isomerase (PDI) is an ER-localized protein with oxidoreductase functions. However, PDI is
also expressed on the cell surface, endosomes and mitochondria. Through disulfide exchange reactions, PDI forms
disulfide bonds in the nascent proteins by oxidation, breakdown of disulfide bonds by reduction and shuffle of disulfide
bonds by isomerization reactions. Functions of PDI depend on the localization and redox environment. For instance,
in the ER where the redox environment is more oxidizing than the cytosol or cell surface, PDI performs oxidation. On
the contrary, on the cell surface PDI performs the reduction function. PDI-mediated reduction function is of immense
importance since a number of therapeutically important events occur after reduction. For example, entry of toxins,
such as cholera, diphtheria and virus like HIV-1 depends on the reduction of disulfide bonds by PDI. Therefore, the
first goal was to discover specific inhibitor for PDI activity. The therapeutic role of PDI and the rationale behind
targeting PDI is described in Chapter 1.

To identify PDI inhibitor, the compounds of RIKEN natural product depository (NPDepo) compounds were
screened in a high-throughput manner. Through high-throughput screening of ~10,000 compounds from NPDepo a
novel small molecule inhibitor, juniferdin, was discovered. Using juniferdin as a lead compound, several derivatives
were synthesized and tested for potency and specificity against PDI. It was found that among the synthesized
compounds, compound 13 showed similar inhibitory activity as juniferdin. Interestingly, both inhibitors specifically
block the reductase activity of PDI. This has therapeutic value in situations where reduction-dependent protein
conformational changes occur on the cell surface. An important example is highlighted in Chapter 2 of the thesis,
where we show that PDI catalyzed reduction of disulfide bonds in gpl120 is a prerequisite for HIV-1 entry into host
cells. In this chapter, we report that juniferdin and compound 13 inhibit the PDI-catalyzed reduction of the disulfide
bonds in gp120. These results provide solid in vitro evidence of the therapeutic value of juniferdin and compound
13. Due to these promising results, it is of interest to confirm the antiviral properties in vivo of these compounds for
clinical application.



As PDI is a promiscuous protein on the cell surface, it is likely to be a good therapeutic target for a wide range of
diseases. Reduction of disulfide bonds by surface-associated PDI is important for the entry of virus and toxins into
the cells. Therefore, functionally specific PDI inhibitors such as juniferdin and compound 13, may largely prevent the
maturation of toxins which are dependent on disulfide bond cleavage. Thus, selective inhibitors of PDI are likely to

find use in a broad range of therapeutic applications.

In Chapter 3 of this thesis, it has been shown that PDI regulates the activation and secretion of MMP-9. MMP-
9 regulates many physiological and pathological processes by degrading ECM and non-ECM proteins. To avoid
pathogenesis, MMP-9 is regulated precisely during its synthesis, secretion and activation. Following secretion, the
activity of MMP-9 is regulated predominantly by the cysteine switch; a linkage between cysteine at position 99 and
Zn? in the catalytic domain. In Chapter 3 we present our observations that the secretion and activation of MMP-9
depend on not only the cysteine switch but also post-translational modifications, such as disulfide bond formation in
the fibronectin repeats. PDI was found to be an upstream regulator of MMP-9 secretion. Based on our results, PDI

regulates MMP-9 secretion through its oxidase activity.

To confirm the post-translational modification of MMP-9, MALDI-TOF MS analysis was employed on purified
MMP-9. Using this method, 6 disulfide bonds in the catalytic domain were identified. Our results show that the
disulfide bonds in MMP-9 are important not only for its gelatinolytic activity but also for its intracellular trafficking
and secretion. It was found that cysteine switch mutants are not secreted into the culture medium, suggesting the
necessity of an intact cysteine switch for MMP-9 secretion. More importantly, it has been found that the disulfide
bonds of the catalytic domain also regulate the gelatinolytic activity of MMP-9, whereas the disulfide bond of the
hemopexin domain or other cysteines have no significant effect on MMP-9 secretion and gelatinolytic activity.

In conclusion, PDI-mediated disulfide bonds govern MMP-9 levels; this regulation is dependent on the oxidase
activity of PDI. Thus, inhibition of the oxidative function of PDI may be therapeutically relevant against cancer.
Furthermore, the reductive function of PDI is involved in reduction of the disulfide bonds in gp120. Reduction of
gpl120 disulfide bonds mediate HIV-1 entry into the cell. Many other virus and toxins are dependent on disulfide bond
reduction upon entry into the cell, and therefore PDI is also imperative to cellular entry of these elements. Juniferdin,
which has been identified as a specific and potent inhibitor of PDI reduction activities, is therefore an interesting

compound that has potential in both basic research and clinical applications.
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