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Abstract

This project had the aim of increasing Thailand’s capability to undertake protein
research, through establishment of modern research facilities, development of human
resources, performance of high quality research publishable in international journals, and
promotion of protein research. In terms of research facilities, our laboratory at the
Chulabhorn Research Institute has equipment and expertise for determining the primary
structure of a protein and for proteomic studies of gene expression, while the Center for
Protein Structure and Function at Mahidol University is well equipped for x-ray
crystallographic study of three-dimensional structure and for study of enzymes, including
under the pre-steady state conditions.  In terms of human resource development, the
group consisted of 11 Ph.D. level scientists, mostly young investigators, from 5
universities. In addition, five other young Ph.D.s were linked as advisees to the prinicipal
investigator.  Over the three year period of the grant, four Ph.D. and nine M.Sc. students
graduated, and another 16 Ph.D. students and 15 M.Sc. students are presently enrolled.

Research covered three main themes: a) Protein structure-function relationships;
b) Protein changes in disease; and c) Applications of enzymes in biotechnology.
Understanding the relationship between the three-dimensional structure and the function
of a protein not only helps us to understand the protein’s mechanism of action, but can
also lead to the design of drugs to inhibit the protein or the engineering of proteins to
improve various properties. Proteins studied include enzymes involved in the synthesis
of penicillin derivatives with potential uses in the pharmaceutical industry, glycosidase
enzymes with potential uses in enzymatic synthesis of glycosides for pharmaceutical or
cosmetic industries, and aromatic hydroxylases with potential applications in
environmental remediation. In addition, chemical models for enzyme action, such as the
cleavage of proteins, will provide better understanding of catalysis. Studies on protein
changes in disease include the characterization of mutations in genetic diseases, such as
the abnormal hemoglobins and inborn errors of metabolism, which will provide better
understanding of these diseases and lead to improved diagnosis.  Proteomic studies of
cancer, involving both surgical specimens and cancer cell lines provide information on
possible biomarkers for early detection and possible targets for chemotherapy. Finally, in
terms of biotechnology, the isolation of a sericin-specific protease for degumming silk, if
successful, will lower costs, lessen environmental problems and may potentially improve
the quality of Thai silk.

Results from the research described yielded 22 publications in international
journals, and two articles in international proceedings volumes, with some 5 papers were
in high impact journals with impact factor greater than 4.0.  In addition, 27 abstracts
were presented at international meetings and another 54 abstracts presented at national
meetings during the grant period.
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Activities in promoting protein science and molecular enzymology included the
extended visit of Nobel Laureate William Lipscomb as Stang Mongkolsuk Distinguished
Professor, which had a broad impact not only on the group and in the academic
community, but also on the government and the general public.  An informal Protein
Research Network was started to disseminate news and events to members by email.  In
addition, the research group organized various symposia, meetings and seminars, most
notably a two-day Protein Research Network Symposium, attended by over 200
researchers from some 23 universities and institutions throughout Thailand.

Finally, the activities of our research group were well recognised by the scientific
community through several awards. This included the Outstanding Scientist of Thailand
Award from the Foundation for the Promotion of Science and Technology and the
Outstanding National Researcher Award, Chemical Sciences and Pharmacy section,
National Research Council of Thailand. Other awards included two Young Scientist of
Thailand Awards from the Foundation for the Promotion of Science and Technology, a
UNESCO-L’Oreal Women in Science Fellowship, and an Outstanding Thesis Award
from the National Research Council of Thailand, Chemical Science and Pharmacy
Section.  Other honours included an Outstanding Lecturer Award from the Faculty Club,
Faculty of Science, Mahidol University, and an Exemplary Lecturer Award from the
Faculty Club, Mahidol University. These various awards confirm the quality of work
performed by researchers in ths Senior Research Scholar grant.

KEYWORDS: Protein / Enzyme/ Three-dimensional structure/ Kinetics/ Diseases
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I. EXECUTIVE SUMMARY

The major aim of this project is to develop research on Protein Science in
Thailand. This involves both establishment of research facilities and development of
human resources. In terms of research facilities, the two laboratories at the Mahidol
University and Chulabhorn Research Institute (CRI) have complementary equipment,
which allows the group to study diverse aspects of protein structure and function. Thus,
the Laboratory of Biochemistry at CRI has, for several years, been one of the few
laboratories with a routinely functional amino acid analyzer and protein sequencer for
study of primary structure.  More recently, our laboratory at CRI was the first laboratory
in Thailand to use the proteomics approach. This capability has recently been
strengthened by the acquisition of a new Q/TOF micro mass spectrometer for
identification of samples. In parallel to this, our group at Mahidol University has been
designated as the Center for Excellence in Protein Structure and Function of the Faculty
of Science. Major equipment items, amounting to approximately 30 million baht, have
been provided by the faculty and are fully functional. This includes the first
macromolecular X-ray crystallographic apparatus in Thailand, allowing study of the
three-dimensional structures of proteins in-house. In addition, a stopped-flow
spectrophotometer has been purchased allowing study of enzyme reactions at the pre-
steady state stage, so that reaction intermediated of the reaction may be determined.

However, no matter how sophisticated the instrumentation available, few
research advances can be made without qualified personnel.  Thus, our research team
consists of 11 Ph.D.-level co-investigators, four from within the Faculty of Science, one
from another faculty at Mahidol University, and 6 from other universities, namely
Suranaree University of Technology, Kasetsart University, Srinakarintwirot University,
and Mahasarakham University. Most of whom are young investigators seeking to
establish themselves. In addition, Professor Jisnuson Svasti became mentor to five other
young Ph.D.s from Khonkaen University, Mae Fah Luang University, Mahidol
University and Naresuan University, three of whom came from the Researcher
Encouragement Project. Thus overall, staff linked to the project come from 7 other
universities apart from Mahidol University, extending the reach of the grant to
universities, which are less developed in research.   Most of these staff have managed to
find their own funding and to publish their work in international journals.

Research progress has been steady, and advances were made in all projects. Much
of the work concerns the glycosidase enzymes, in particular �-glucosidases. �-
Glucosidase enzymes with various substrate specificities are now being studied from 6 or
more species, with the primary aim of studying structure-function relationships. This
includes study of hydrolysis, reverse hydrolysis and transglucosylation reactions. Cassava
linamarase has been found to show unique capability for transglucosylation of alcohols,
including tertiary alcohols, and is being used for synthesis of chiral and other glycosides.
Kinetic studies of the reactivation of inactivated enzyme by various alcohols are
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providing better insight into the effectiveness of the cassava enzyme.  In addition,
cloning, expression and site-directed mutagenesis, and crystallization are being performed
with both the Thai rosewood and cassava enzymes, but problems in protein expression
still need to be solved. Additionally purification and characterisation of glucosidases and
their substrates are being carried out on Dalbergia nigrescens, Solanum torvum, and Plumeria
obtusa. In particular, preliminary data suggest that the Solanum torvum enzyme is family 3
glycosidase, despite having a steroid glucoside as substrate. Studies of rice �-glucosidases,
including the detailed characterization of one enzyme, are opening new avenues of
research, since there appear to be several �-glucosidases, which may use different
substrates and perform different functions. Other work includes screening for novel
glycosidases, and purification of �-mannosidases, which appears to be difficult, but
recent results show some promise.  In addition, the sequence and catalytic properties of
Vibrio chitinase have been determined, including the development of novel mass
spectroscopic techniques the hydrolysis reaction.

With the enzymes involved in synthesis of penicillin derivatives, X–ray diffraction
data obtained from crystals of Bacillus megaterium penicillin G acylase (PGA) are being
used for structure determination of the enzyme.  The electron-density map is being
interpreted and model building of the structure is in progress.  The structure of B.
megaterium PGA appears to be quite different from that of Escherichia coli PGA, which was
used as a template for determination of initial phases, causing difficulties in structure
determination.  However, various approaches are being employed to improve map
calculations and thus interpretation.  The availability of three-dimensional structure of
PGA will eliminate the errors associated with the currently used homology model and
greatly facilitate the engineering of PGA specificity to recognize cephalosporin C
substrate. For the X-ray crystal structure determination of the stereoinverting D-PhgAT
from Pseudomonas stutzeri, the structure has been reinvestigated in a lower space group, P3
(1), with two molecules of D-PhgAT in the asymmetric unit. The structures of the two
crystallographically dependent molecules differing around the catalytic region revealed
that the structure of D-PhgAT is an asymmetric dimer. The current model has over 90%
of the structure. The pyridoxal cofactor was clearly visible and covalently linked to the
catalytic Lys-269. Further studies on the structure of the enzyme complexed with the
inhibitor are in progress.

With the flavoprotein oxygenases, the mechanism of MHPCO was studied by 
replacing the natural cofactor FAD with FAD-analogues. Redox potential values of the 
reconstituted enzymes correlate well with the electronic effects of the 8-substituents of 
the FAD analogue.  Pre-steady state kinetics of MHPCO was investigated using stopped-
flow spectrophotometry, and showed that the rates of hydroxylation were 2.0, 1.5, 1.3, 
and 0.9 s-1 for MHPCO, reconstituted with 8-CN, 8-Cl, 8-OCH3, 8-CH3 -FAD 
respectively. Studies of the oxidative half-reaction of MHPCO revealed that the 
oxygenation reaction of MHPCO occurs via an electrophilic aromatic substitution 
mechanism analogous to the mechanisms for parahydroxybenzoate and phenol 
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hydroxylases.   On the other hand, the enzyme HPAH appears to consist of two protein 
components. C1 is a reductase enzyme with subunit size of 32 kDa, catalyzing HPA-
stimulated NADH oxidation without hydroxylation of HPA.  C2 is a tetrameric enzyme 
with subunit of 50 kDa, lacking a redox center, which hydroxylates HPA in the presence 
of C1. The complete genes of both C1 and C2 fragments were expressed in an E. coli
system with good yield. The Kd for binding of FMN to C1 was determined to be 0.02 �
M, and results from stopped-flow spectrophotometry indicated that kon = 1.7 x 105 M-1s-1

and koff = 0.014 s-1. Investigation of flavin specificity showed that C2 is the only 
oxygenase component of the enzyme among the two-protein component aromatic 
hydroxylases capable of using three forms of flavin for hydroxylation. Thus, HPAH from 
A. baumannii is a novel prototype enzyme among the two-protein component aromatic 
hydroxylases.

In the study of chemical proteinases, two new bifunctional pyrenyl probes, L-
phenylalanine-4(1-pyrenyl)butyramine chloride (Phe-L-Py) and L-phenylalanine-4(1-
pyrenyl)methyramine chloride (PMA-L-Phe) were synthesized. Cleavage of both BSA and
lysozyme is negligible when Phe-L-Py is used. However, PMA-L-Phe carrying a free
amino terminus, photocleaves lysozyme with high efficiency and specificity, but shows
negligible cleavage of BSA.  Photocleavage of lysozyme results in at least two new
fragments of molecular weights 11,000, with N-terminal sequence KVFG (identical to the
N-terminus of lysozyme), and a 3,000 fragment of N-terminal sequence VAWRN, with a
modification of the tryptophan.  This indicates that cleavage by PMA-L-Phe occurs at
Trp108-Val109, identical to that reported for Py-L-Phe (the probe carrying a free carboxyl
terminus).

Some progress has been made in searching for proteinases, which are specific for
sericin for use in degumming of silk. Several strains of microorganisms have been shown
to produce proteinases that degrade sericin, and novel screening procedures have been
developed and tested in an attempt to find enzymes that degrade sericin, but do not
cleave fibroin.

Finally, research on human diseases at the Chulabhorn Research Institute
continues to show novel abnormal hemoglobins, not previously found in Thailand. Work
on the diagnostic aspects of inborn errors of metabolism has stimulated local hospitals to
establish their own facilities. Accordingly, our own research can focus more on the
molecular aspects, and in this connection we have focused on two diseases. In the case of
methylmalonic acidemia, mutations were found both in the methylmalonyl CoA mutase
enzyme itself, and in the enzymes involved in metabolism of the cobalamin coenzyme.
The other area of interest involves mucopolysaccharidosis, since this complements our
work on the glycosidase enzymes.  So far, we have studied cases of Hurler’s syndrome,
and found various mutations in the �-iduronidase gene. Cancer research utilises mainly
the proteomic approach, which has been successfully used in detecting the proteins over-
expressed in thyroid cancer. Proteomics is being also being used to study other cancers,
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such as cholangiocarcinoma, as well as cultured cancer cell lines, to detect possible
biomarkers. Other studies involve testing extracts and pure compounds from medicinal
plants for anti-cancer properties by cytotoxicity tests and in vitro invasion studies.

The output from this grant has generally been able to match or exceed the
tartgets in the initial proposal.  Over the three year period of the grant, research yielded
22 publications in international journals, and two articles in international proceedings
volumes, similar to the 23 publications in international journal projected in the initial
proposal. Morever, some 5 papers were in high impact journals with impact factor
greater than 4.0.  It is gratifying to see that the young scientists in the team can publish
papers in good international journals, since this is essential in enabling them to establish
their reputations.  Many presentations were also made at meetings anticipated, with 27
abstracts in international meetings and 54 abstracts at national meetings over the three
year period. Some of these were invited lectures by staff, but many were poster
presentations by students, thus providing the opportunity for young researchers to gain
experience.

Apart from the development of the young Ph.D researchers in the team, training
of additional personnel with interest and expertise was an important element of the grant.
Over the three year period of the grant, four Ph.D. students graduated and another 16
students are currently enrolled in the Ph.D. program.  Nine M.Sc. students graduated,
and another 15 students are currently enrolled in the M.Sc. program.  In addition, 52
B.Sc. students performed their Senior Project research with staff in the grant.  These new
Ph.D.s will be be valuable resources for expanding research activities in protein science
and enzymology in Thailand, while the M.Sc. and B.Sc. graduates can provide a
supportive role in this endeavour, and some may receive further training to Ph.D level in
the future.

Various activities were undertaken in terms of academic services and promotion
of protein science and molecular enzymology.  In particular, Nobel Laureate William
Lipscomb’s extended visit as Stang Mongkolsuk Distinguished Professor had broad
impact in stimulating research at CPSF, in promoting protein research in the academic
community, and encouraging the government and the general public to have a greater
appreciation of the importance of science.  An informal Protein Research Network was
started to disseminate news and events to members by email.  In addition, the research
group organized various symposia, meetings and seminars, most notably a two-day
Protein Research Network Symposium, attended by over 200 researchers from some 23
universities and institutions throughout Thailand.

Finally, the activities of our research group and the Center for Protein Structure
and Function have been well recognised by the local scientific community through
several awards from various agencies. Thus Professor Jisnuson Svasti received the
Outstanding Reseacher of Thailand Award from the Foundation for the Promotion of
Science and Technology under the Royal Patronage of H.M. The King and the
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Outstanding National Researcher Award, Chemical Sciences and Pharmacy section,
National Research Council of Thailand.  He was also named Outstanding Lecturer,
Faculty Club, Faculty of Science, Mahidol University, and Exemplary Lecturer, Faculty
Club, Mahidol University.  Dr. Jirundon Yuvaniyama and Dr. Palangpon Kongsaeree
were awarded the Young Scientist of Thailand Award, Foundation for the Promotion of
Science and Technology under Royal Patronage of H.M. The King.  Then Dr. Pimchai
Chaiyen was awarded UNESCO-L’Oreal Women in Science Fellowship and Dr. Apinya
Buranaprapuk was awarded an Outstanding Thesis Award by the National Research
Council of Thailand, Chemical Science and Pharmacy Section.  These various awards are
an assurance of the quality of work being carried out by our research group.
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II. RESEARCH PROGRESS

1. Glycosidase Enzymes

Glycosidase enzymes are enzymes that hydrolyze the glycosidic bond between a
sugar and an aglycone or another sugar, and have potential applications for
oligosaccharide and glycoside synthesis. Over the years, we discovered several
glycosidases from Thai plants by both enzymatic screening and DNA-based screening of
plants, as well as detected glycosides in many species of Thai plants.  We have already
studied some of these glycosidases in more detail, in particular the �-glucosidases, in
terms of purification, properties, cloning and sequencing, as well as use for glycoside
synthesis.  These studies are being continued in the laboratories of several members of
our group, as outlined below. Progress in the study of glycosidases includes:

1.1 Screening for Novel Glycosidases

Work on screening for novel glycosidase enzymes in Thai plants was carried out
in Dr. Sujint Anguravirutt’s laboratory at Mahasarakham University. Six glycosidases: N-
acetyl-�-D-glucosaminidase, �-D-mannosidase, �-D-galactosidase, �-D-galactosidase, �-
D-glucosidase and �-D-glucosidase were screened from plants in Northeast Thailand.
The results showed that among 41 types of seeds and 17 types of leaves studied
significant amounts (� 0.1 �mole/min/g sample) of the enzymes were found in 9 seeds
namely: �-D-mannosidase �(0.23 ��mole/min/g seed) in�Cleome viscosa Linn. (��������); �-
D-mannosidase (0.18��mole/min/g seed) in Ricinus communis L. (	
��
�); �-D-mannosidase
(0.25��mole/min/g seed) and �-D-galactosidase (0.11��mole/min/g seed) in Puerania
phaseoloides (Roxb.) Benth. (�������������); �-D-mannosidase (0.13��mole/min/g seed) and �-
D-galactosidase (0.15��mole/min/g seed) in Bauhinia purpurea Linn.(����); �-D-
mannosidase (0.29��mole/min/g seed), �-D-galactosidase (0.12 �mole/min/g seed) and
N-acetyl-�-D-glucosaminidase (0.16 �mole/min/g seed) in Samanea saman (Jaeq.) Merr.
(�����); �-D-mannosidase (0.44��mole/min/g seed), �-D-galactosidase (0.26��
mole/min/g seed) and �-D-galactosidase  (0.11 �mole/min/g seed) in Moringa oleifera
Lamk.(�
���); �-D-mannosidase (0.76 �mole/min/g seed), �-D-galactosidase (0.11��
mole/min/g seed) and N-acetyl-�-D-glucosaminidase (0.24 �mole/min/g seed) in Ceiba
pentandra Gaertn.(����, ��
�); �-D-mannosidase (0.18��mole/min/g seed), �-D-galactosidase
(0.22��mole/min/g seed) and N-acetyl-�-D-glucosaminidase (0.10 �mole/min/g seed) in
Jastropa curcas Linn.(���
 ��); �-D-mannosidase (0.52��mole/min/g seed), �-D-
galactosidase (1.09��mole/min/g seed) and N-acetyl-�-D-glucosaminidase (0.90 �
mole/min/g seed) in Albizzia lebbeckoides (DC.) Benth.(���). The results indicated that �-
D-mannosidase was found in all of the above samples while the highest enzyme activity
was �-D-galactosidase (1.09��mole/min/g seed) in Albzizia lebbeckoides (DC.) Benth.
However, overall the levels of enzymes found in plant sources were not high, so
additional screening studies were performed on soil microorganisms, since soil in
Mahasarakham Province has high salt content, and might contain unique
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glycohydrolases. Preliminary experiments were performed on screening three
glycohydrolases namely �-galactosidase, �-glucuronidase and �-glucosidase, from local
soil bacteria, but no enzyme activity was detected.

Dr. Patjraporn Wongvithoonyaporn has screened for �-mannosidase and
naringinase activities from approximately 70 fungal hosts collected from China and
various Thai provinces, e.g. Bangkok, Chiangrai, Nakhorn Pathom, Supanburi, Saraburi,
Nakhorn Ratchaseema,  Amnart Chareon, Sreesaket, etc.  Approximately 215 pure fungi
were first isolated from these hosts using modified Sabouraud’s dextrose agar
supplemented with chloramphenicol.  These fungal isolates are being used to screen for
�-mannosidase using synthetic minimal medium supplemented with potato dextrose
broth and mannan at 28�C and assaying enzyme with p-nitrophenyl-�-D-
mannopyranoside.  In contrast, for naringinase, about 166 fungal isolates producing
naringinase with optimum acidic pH were directly screened from these hosts by using
synthetic minimal medium supplemented with naringin and chloramphenicol at 28�C.
Secondary screening of naringinase from the selected fungi is also being undertaken.

1.2 Structure Function Relationships in Plant �-Glucosidases

Study of structure-function relationships in plant �-glucosidases is a major focus
of our work. These enzymes may differ in substrate specificity for the hydrolysis,
transglucosylation and reverse hydrolysis reactions, and our objective is to correlate these
differences in functional properties with differences in their structure. Various enzymes
are being studied, including Thai Rosewood dalcochinase and cassava linamarase, which
hydrolyze isoflavonoid glucoside and cyanogenic glucoside respectively.  Work on plant 
�-glucosidases is being done in the laboratories of Dr. Jisnuson Svasti at Mahidol
University, Dr. James Ketudat-Cairns at Suranaree University of Technology, and Dr.
Prachumporn Toonkool at Kasetsart University.

            1.2.1 Transglucosylation of alcohols using plant �-glucosidases

We have compared the transglucosylation activity of Thai Rosewood
dalcochinase and cassava linamarase, purified in our laboratory, with commercial
almond glucosidase.  Initially, short chain C1-C4 alkyl alcohols were used using a
single phase buffer system, and the results showed that almond glucosidase and
dalcochinase, gave poor yields of alkyl glucoside with secondary butanol and no
product with tertiary butanol. However, with cassava linamarase, good yields
(approaching 100%) were obtained with both secondary and tertiary butanol.

Later, studies were performed with longer chain alcohols, using buffer-
saturated C5-C8 primary, secondary and tertiary alcohols. The results (Table 1)
showed that, in general, the three enzymes gave good yields (> 60%) of alkyl
glucosides with both linear and branched C6 primary alcohols. However, cassava
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linamarase again gave a higher yield with octyl glucoside (85%) than the other
two enzymes (25%-31%). Most interestingly, cassava linamarase also gave much
better yields (approaching 100 %) with secondary alcohols than almond �-
glucosidase (30-40%) and Thai rosewood �-glucosidase (<20%). In addition,
cassava linamarase was the only enzyme capable of forming alkyl glucosides with
C5 and C6 tertiary alcohols. Yields initially were rather low, but this could be
optimized by reducing the concentration of enzyme and varying the time (Figure
1). This time course shows that with increasing amount of enzyme, there is more
rapid and more complete cleavage of pNP-glucose. At the same time, the C5-
tertiary alkyl glucoside is also being formed with a rate that depends on the
amount of enzyme. The alkyl glucoside, so formed, also becomes digested at high
levels of enzyme. So the amount of enzyme used and the time of reaction have to
be selected to optimise yields of tertiary alkyl glucoside. As a result, the maximum
alkyl glucoside yields of 82% and 56% could be obtained with 2-methyl-butan-2-
ol and 2-methyl-pentan-2-ol respectively. A 1% yield of glucoside was found with
2-methyl-butan-2-ol using Pyrococcus furiosus �-glucosidase, but there have been no
previous reports of enzymatic glucosylation of 2-methyl-pentan-2-ol.

 This high yield of alkyl glucoside with tertiary alcohols is exceptional for
enzymatic transglucosylation. The enzymatic glucosylation of 2-methyl-pentan-2-
ol has never been reported, and the only previous report with 2-methyl-butan-2-
ol was the 1% glucoside yield found using Pyrococcus furiosus �-glucosidase. We
have also started to explore the potential applications of this unique capability of
cassava �-glucosidase in transglucosylating secondary and tertiary alcohols in the
synthesis of chiral and other alkyl glucosides. So far, experiments performed in
collaboration with Dr. Palangpon Kongsaeree, indicate that alkyl glucosides can
be obtained with butan-2-ol and 3-methyl-2-butanol, with structures being
characterised by 1H-NMR, 13C-NMR, and mass spectrometry. In both cases,
product yields approached 80%, and 52% enantiomeric excess was obtained.  In
addition, some natural aglycones were also tested as acceptors, including linalool
and quercetin, which gave glycoside yields of about 50%.

The possibility of using other glycosyl donors apart from Glc�-O-pNP
was also explored using hexan-1-ol as glycosyl acceptor. The results showed that
all both enzymes could also use Fuc�-O-pNP as donor for synthesis of hexyl
glycosides. Thai rosewood �-glucosidase could only use gentiobiose but not
cellobiose as donor, but cassava �-glucosidase could use neither. In terms of
reverse hydrolysis using monosaccharide donors, Thai rosewood �-glucosidase
could use glucose, but not fucose, but cassava linamarase could use neither free
glucose nor free fucose as glycosyl donor for hexyl glycoside synthesis. The
unique capability of cassava in transglucosylation, especially with secondary and
tertiary alcohols will be further studied in terms of its potential applications in the
synthesis of chiral and other alkyl glucosides.
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Table 1: Transglucosylation of Longer Chain Alcohols by Cassava,
Thai  Rosewood, and Almond Glucosidasesa

Mole % Alkyl Glucoside Obtainedb

Alcohol Acceptor Cassava

�-glucosidase

Thai rosewood

�-glucosidase

Almond

�-glucosidase

Normal Primary alcohols

Hexan-1-ol 80 74 77

Octan-1-ol 85 25 31

Branched Primary alcohols

2-Methyl-pentan-1-ol 100 100 74

3-Methyl-pentan-1-ol 81 60 75

4-Methyl-pentan-1-ol 100 74 74

Secondary alcohols

Hexan-2-ol 100 3 37

3-Methyl-pentan-2-ol 100 2 39

4-Methyl-pentan-2-ol 100 16 30

Tertiary alcohols

2-Methyl-butan-2-ol 82c 0 0

2-Methyl-pentan-2-ol 56d 0 0

aEnzyme (17 nkat/ml) was incubated in buffer-saturated alcohol containing 15 mM
Glc�-O-pNP for 3 days at 40�C; bMole % alkyl glucoside represents the mole
percent of the alkyl glucoside spot relative to the total moles present in the Glc�-O-
pNP, alkyl glucoside, and glucose spots: each value is an average from duplicate
TLC plates; cMole % alkyl glucoside obtained from incubating with 8.3 nkat/ml
enzyme for 4 days; eMole % alkyl glucoside obtained with 17 nkat/ml enzyme for 1
day.
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Figure 1:  Transglucosylation of 2-methyl-butan-2-ol by cassava �-glucosidase.
Various concentrations of enzyme were incubated with 15 mM pNP-�-Glc in 2-methyl-
butan-2-ol, saturated with 0.1 M McIlvaine buffer, pH 5.5 at 40�C for various times (h).
A: 1.7 nkat/ml enzyme; B: 4.2 nkat/ml enzyme; C: 8.3 nkat/ml enzyme; D: 17 nkat/ml
enzyme.  Products analyzed by TLC and quantitated by scanning.  Relative amount (mole
%) represents the moles of  pNP-�-Glc (-�-), alkyl glucoside (-�-)  or free glucose (- -)
as a percent of  the total moles of glucosyl groups.

0.1 U/ml 0.25 U/ml

0.5 U/ml 1.0 U/ml
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1.2.2 Kinetic Studies of Transglucosylation using Thai Plant �-Glucosidases

To study transglucosylation specificity of Thai plant �-glucosidases,
enzymes were inactivated by 2FDNPG (2, 4-dinitrophenyl-2-fluoro-2-
deoxyglucose), and various alcohols were used as acceptors for reactivation
(Figure 2). Three enzymes were selected for study, cassava linamarase, Thai
rosewood dalcochinase, and rice �-glucosidases BGlu1, since these three enzymes
have different substrate specificity in hydrolysis, and two have them have also
been shown to differ in transglucosylation specificity.  The results so far show
that the inactivation of all three enzymes by 2FDNPG resulted in time-
dependent inactivation with pseudo-first-order kinetics. All three inactivated-
enzymes can also be reactivated by addition of various acceptors. The
reactivation rate was found to be dependent upon the concentration of alcohols
in a saturable fashion.

Figure 2:  Scheme for reactivation study of �-glucosidases. E, free enzyme, I-DNP,
2FDNPGlc;  DNP, 2,4-dinitrophenolate; E-I, glycosyl-enzyme intermediate; I-OH, 2FGlc;
ROH, acceptor.

Inactivated cassava �-glucosidase can generally be reactivated by all
alcohol acceptors with highest reactivation rate compared to the rate of
reactivation seen with buffer alone (control).  Thus, for example,
transglucosylation of inactivated cassava �-glucosidases by n-butanol occurs
approximately 100 fold faster than simple hydrolysis, while Thai rosewood
dalcochinase occurred only 3-5 fold faster (Table 2). This indicates that cassava
linamarase, in the presence of alcohols, has an unusually large preference for
transglucosylation compared to hydrolysis. This is consistent with the high yields
of alkyl glucosides obtained with cassava linamarase, when the enzyme is
incubated with pNP-glucose and various alcohols (Results Section 1.2.1). In
addition, cassava linamarase can use tert-butyl alcohol as acceptor in reactivation,
as found in the synthesis reaction, but the relative rate of reactivation is much
lower than that of n-butanol or secondary butanol. In contrast, reactivation of
rice cassava �-glucosidases by alcohols occurs very slowly.

Ki

DNP

H2O
E + I-OH

E-I-ROH                 E + I-OR

K hydrolysis

  kreactivation

Kreactivation

ki

 E + I-DNP                  E-I-DNP                 E-I
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Table 2:  Rate of Reactivation (Kobs) of Inactivated Enzyme by Various Alcohol
Acceptors, with Cassava Linamarase and Thai Rosewood Dalcochinase.

Real Kobs (min-1) (X10-4)0.5M Acceptors

Thai Rosewood Cassava

Control 2.36   5.95

Methanol 2.69 61.7

Ethanol 3.57                   137.3

n-Propanol 6.82 599.8

n-Butanol 15.0 444.1

Iso-Butanol 8.67 957.9

2-Butanol 3.70 243.5

3-Butanol 3.07  46.8

Glucose 2.82     6.99

Fucose 3.64    8.56
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1.2.3 �-Glucosidase Enzyme from Solanum torvum

Screening studies using Thai Rosewood dalcochinase to digest ethanol
extracts of more than 200 Thai plants, followed by t.l.c. analysis revealed the
presence of several glycosides.   A search for glucosidase enzymes in these plants
has also been made by using the ethanol extract as the substrate.  From these
studies, Solanum torvum (makua puang) was chosen for further study. However,
study of this system was difficult since both enzyme and substrate are unknown.
Therefore, it was decided to purify the natural substrate first, for later use in
enzyme isolation.

So, in collaboration with Dr. Prasart Kittakoop, air-dried fruits of S.
torvum Sw. (2.5 kg wet weight) were sequentially extracted with MeOH, hexane
and ethyl acetate, followed by LH-20 column chromatography (MeOH as eluent),
then purified with MPLC on reversed phase C18 column to yield pure compound
torvoside A, and further fractionated by silica gel column chromatography to
yield pure compound Torvoside H. Analyses of 1H and 13C NMR spectral data
reveal that compound torvoside A (1) was a known steroidal glycoside. But pure
compound torvoside H (2) was a novel compound, derived from torvoside A.
Both compounds were hydrolyzed by Thai rosewood dalcochinase, by extracts of
leaves and stem from solanum, and also by commercial �-glucosidase from
almond (Figure 3). The purification and characterization of �-glucosidase from S.
torvum Sw. will be further studied.

   Figure 3: Natural Substrates of Solanum torvum and Their Hydrolysis by �-

Glucosidase

We have shown that the fruits of Solanum torvum (makua puang) contained
two steroidal glucosides, a known compound torvoside A and a novel compound
torvoside H.  Last year, Solanum torvum �-glucosidase enzyme (torvosidase) was
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purified from young leaves in Professor Jisnuson Svasti’s laboratory, using four
steps of chromatography, including Butyl-Toyopearl, Con A-Sepharose,
Sephacryl S-300 and Butyl-Sepharose chromatography. The purified enzyme
showed protein band coincident with one activity band with 4-MU-glucoside.
Native enzyme had MW 86 kD by gel filtration, similar to the 80 kD found on
SDS-PAGE, and had pI of 9.3. Torvosidase had lower Km values for the natural
substrates torvoside A (63 �M) and torvoside H (68 �M) than for synthetic
substrates pNP-�-glucoside (1.0 mM) and 4-MU-�-glucoside (0.74 mM). It
showed little hydrolysis of dalcochinin-�-glucoside, but could hydrolyze C5-C10

alkyl-�-glucosides (e.g. pentyl-�-glucoside, hexyl-�-glucoside, heptyl-�-glucoside,
octyl-�-glucoside, decyl-�-glucoside).

Preliminary studies of the internal amino acid sequence of torvosidase
have also been performed by trypsin digestion and sequence analysis by LC-
MS/MS. Although, LC-MS/MS cannot separate leucine and isoleucine because
of their identical mass, alignments of the sequence were made with the data
available in the protein and nucleic acid database
(http://www.ncbi.nlm.nih.gov/BLAST/). Seven peptides covering some 60
residues in Solanum �-glucosidase showed sequence similarity with family 3 �-
glucosidase from plants, including �-D-glucan exohydrolases from Hordeum
vulgare (barley), Zea mays (maize), Arabidosis thaliana, Nicotina tabacum (tobacco) and
Oryza sativa (rice). Further studies will be required to confirm this result, but from
the data available, Solanum �-glucosidase, which shows high specificity for
furostanol glycosides, should be classified in the family 3 of the glycosyl
hydrolases according to the Henrissat classification. To our knowledge, this is the
first report that a plant family 3 �-glucosidase specifically hydrolyzes the
furostanol glycosides.

1.2.4 Other novel glucosides and glucosidases from Thai plants

In previous years, screening of Thai plant ethanolic extracts by digestion
with Thai Rosewood dalcochinase showed other interesting glucosides in other
plants, e.g. Plumeria spp. and Nerium indicum. These natural glucosides could be
then be used to screen for novel glucosidase enzymes.  Last year, a glucoside
substrate has been purified from the flowers of Plumeria obtusa, and the structure
of the compound was established by NMR and mass spectroscopic data. The 1H
and 13C NMR showed signals corresponding to a plumieride coumarate glucoside
(Figure 4), previously found in the bark of Plumeria rubra Linn. This data shows
two glucosyl groups attached at C-1 and C-23.

In addition, �-glucosidase was purified from the flowers of Plumeria obtusa
Linn by DEAE-Cellulose, Con A-Sepharose, Sephacryl S-300 and Butyl-
Sepharose chromatography. The cumulative yield and fold purification of the �-
glucosidase were 2.3 % and 143 fold, respectively. The enzyme has a molecular
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weight of 180,000 in the native state, and shows 2 bands of 59,000 Da and 67,000
Da on denaturing SDS-polyacrylamide gel electrophoresis. One fluorescent band
of �-glucosidase was found with pI about 5.0 by agarose gel electrophoresis. The
optimum pH of the purified �-glucosidase detected by pNP-Glc and its natural
substrate was 5.5. The Km values for pNP-Glc and Plumeria �-glucoside were 2.9
mM and 0.33 mM, respectively. The enzyme had hydrolytic activity towards
pNP-�-Glc, pNP-�-Fuc, pNP-�-Gal and pNP-�-Man, and had lower activity for
other pNP-glycosides, dalcochinin-�-glucoside (the natural substrate of Thai
Rosewood �-glucosidase) and esculin, The enzyme could not hydrolyze
cyanogenic glucosides (prunasin, linamarin and amygdalin), the natural substrate
of Solanum torvum (torvoside A), disaccharides (gentiobiose), aromatic glucosides
(arbutin and salicin) or alkyl glucosides (methyl-glucosides and hexyl-glucosides).

Figure 4:  Natural glucoside substrate found in Plumeria obtusa

Since cassava linamarase showed exceptional ability to transglucosylate
alkyl alcohols, we have also begun to search for linamarases from other plants. So
far, we have found high activities of �-glucosidase in rubber (Hevea brasiliensis)
leaves, which are known to have linamarase enzyme. It will be interesting to see
whether rubber linamarase also shows high activity in transglucosylation, as well
to test other possible sources of linamarase, such as linseed.

1.2.5 Expression and Purification of  Dalbergia �-glucosidases

Work on the Dalbergia �-glucosidases at Dr. James Ketudat-Cairns’
laboratory focused on cloning and purification of the D. nigrescens enzyme,
characterization of its substrate, and recombinant production of both D. nigrescens
and D. cochinchinensis enzymes. Additional work on expression and purification of
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recombinant D. cochinchinensis enzyme is carried in the laboratory of Dr.
Prachumporn Toonkool. Furthermore, work on the cloning and expression of
cassava linamarase is also being started in Dr. Prachumporn Toonkool’s
laboratory, since this enzyme has exceptional capability in transglucosylation of
secondary and tertiary alcohols.

In the first year of the project worked on developing better methods to
purify D. nigrescens �-glucosidase, which tended to be contaminated with black
phenolic compounds. By the second year, we purified �-glucosidase from D.
nigrescens seeds with an improved procedure and characterized its activity and
some peptide sequences. This purification procedure involved incorporating
reducing agents and EDTA in the initial extraction buffer and extracting phenolic
compounds with 70% ammonium sulfate before extracting the protein and
purifying it by ammonium sulfate precipitation, DEAE chromatography, and gel-
filtration chromatography. The resulting enzyme was about 90% pure.  Greater
purity could be achieved by passing this enzyme over a QAE column on an
FPLC. The purified enzyme had a pH optimum of 5-6 and a temperature
optimum (in a 10 min pNP-�-D-glucoside hydrolysis assay) of 60-70ºC. Enzyme
assays of this protein suggested that the Km of the protein for pNP-glucoside and
pNP-fucoside are both approximately 3-fold higher than with D. cochinchinensis
dalcochinase. During this period, we sequenced the N-terminus of the protein
and several peptides from a tryptic digest of the protein.

The purified enzyme was used to identify natural substrates in extracts of
D. nigrescens seeds. By comparing TLC profiles of extracts added to assays with
and without enzymes, several fluorescent spots were identified that appeared to
be substrates for the D. nigrescens �-glucosidase. One of these substrates was not
hydrolyzed by the D. cochinchinensis �-glucosidase (dalcochinase) and the other was
hydrolyzed at a much lower rate by this enzyme than the D. nigrescens �-
glucosidase, showing that, despite greater than 80% sequence identity between
the two enzymes, their substrate-specificity appears to be different. Two D.
nigrescens substrates have been purified and studied by NMR and mass-
spectrometric analysis. They were found to be isoflavonoid glycosides containing
two sugar residues, a hexose and a pentose, both of which are removed from the
aglycone by the enzyme. The sugars appeared to be �-D-apiose and �-D-glucose
from the NMR data. Bioactivity testing by the BioService Unit of the National
Center for Genetic Engineering and Biotechnology (BIOTEC) indicated that
substrates and their aglycones had little activity as antibacterials and antivirals, as
well as no detectable antifungal or mammalian cell cytotoxic activity.

During the grant period, we worked to express �-glucosidase from a D.
nigrescens cDNA cloned just before the grant started, which had nearly 90%
identity with D. cochinchinensis dalcochinase. After several attempts to express the
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protein in Pichia pastoris and E. coli, no significant �-glucosidase activity could be
expressed and purified. The apparent mutation of a conserved Gly to Asp was
corrected by site-directed mutagenesis, but still no activity was observed. In an
attempt to verify the sequence of this clone, a short segment of a second �-
glucosidase homologue cDNA from germinating D. nigrescens seeds was amplified
and extended it by 3’ and 5’ RACE to attain the full length coding sequence.
Now, we have cloned the rest of the sequence and found it to have 82% identity
to D. cochinchinensis and 83% identity to D. nigrescens isozyme 1 �-glucosidases. We
have cloned it into pPICZ� and shown it to have activity similar to the enzyme
purified from the plant, i.e. it hydrolyzed pNP-glucoside and pNP-fucoside at
similar levels and could hydrolyze the substrates isolated from the seeds.
However, several tryptic peptides from the plant enzyme had sequences matching
both isozymes of D. nigrescens �-glucosidase (Table 3). Then, both enzymes were
cloned into the new Pichia pastoris expression vector described below, in the hope
that they could be produced in an easily purifiable form. However, this has not
worked for purification yet, and only the second isozyme was found to be active.

D. nigrescens �-glucosidase isozyme 1 was also produced in E. coli, but it
was largely inactive and insoluble. The protein was gel purified on SDS-PAGE,
and was used to produce antibodies in rabbits to help with further expression
experiments in yeast.

Table 3: Comparison of two D. nigrescens cDNA with Edman peptide
 sequences of purified D. nigrescens  �-glucosidase

Peptide Sequence
source

Sequence

N-terminus DnBG gene 1
DnBG gene 2
Peptide

ATITEVPPF
ATITEVPPF
ATITEVPPF

Tryp 1 DnBG gene 1
DnBG gene 2
Peptide

YMNLDAYR
YMNLDAYR
YMNLDAYR

Tryp 2 DnBG gene 1
DnBG gene 2
Peptide

ASGGINSTGVDYYNR
ASGGINSTGVDYYNR       * underlined I is
likely
ASGGIISTGVD  glycosylation site

Tryp 3 DnBG gene 1
DnBG gene 2
Peptide

LINELLANDITP…
LINETLHNGITP...
LINETLANGI
      H

Tryp 4 DnBG gene 1
DnBG gene 2
Peptide

HWITVNEPSIFTMNGYAYGIFAPGR
HWITINEPQVFTTNGYTYGMFAPGR
HWITVNEPSIFTMNGYAYGIFAPGR

   Q          M
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Previously, a yeast expression system was tried for Dalbergia enzymes. Our
collaborators in Dr. Mariena Ketudat-Cairns’ group have developed a new fusion
protein expression system for D. cochinchinensis �-glucosidase in P. pastoris.  This
system (pPICZ�), which incorporates a myc-epitope/His6 tag at the C-terminus,
was shown to produce active �-glucosidase in P. pastoris. However, the protein
could not be purified by immobilized metal affinity chromatography. We have
removed a protease cleavage site from the C-terminus of the protein to aid in
purification from the C-terminal tag, however attempts by Dr. Mariena’s, Dr.
James’ and Dr. Prachumporn’s groups to purify the protein by immobilized metal
affinity chromatography (IMAC) still failed to produce a significant amount of
protein. Further attempts will be made to remove the last 36 amino acids from
the C-terminus of the D. cochinchinensis dalcochinase, since these are not seen in
the crystal structure of cyanogenic �-glucosidase from white clover (1CBG), but
no active enzyme was produced from this construct. After consultation with
Prof. Asim Esen of Virginia Polytechnic Institute and State University, U.S.A.,
we postulate that the yeast cell naturally cleaves off the C-terminus of the
enzyme, so our enzyme has been made without the C-terminal His-tag for IMAC
purification. A new construct of N-terminal His-tagged enzyme has been made,
with active enzyme produced in P. pastoris cultures. In addition, we have
generated a new plasmid, pPICZ�NH, which contains an N-terminal His6 tag
before the cloning site for the protein cDNA. This will allow Dalbergia and other
enzymes to be expressed with the N-terminal His6-tag for purification with the
same restriction sites previously used for pPICZ�. Unfortunately, we are still
unable to detect any significant binding between the new N-terminal His-tagged
enzyme and the immobilized metal column (Ni2+-bound resin) for any of the
Dalbergia �-glucosidases.

While purification via IMAC has not been successful, the laboratory of
Prof. Svasti has used classical purification procedures to purify the recombinant
D. cochinchinensis �-glucosidase (constructed with C-terminal His-tag) from P.
pastoris culture media (grown under fermentation conditions). We are planning to
perform amino acid sequencing to verify the N- and C-terminal sequences of this
enzyme. The sequencing results will indicate the extent of proteolysis and suggest
a suitable site for introducing the His-tag onto the protein.

During the past period, the D. cochinchinensis �-glucosidase was also cloned
into a variety of expression vectors, namely pET32a, pGEX-4T-1 and pET15b,
for expression by the bacterial systems. The pET32a plasmid was chosen as it
was previously successful for rice �-glucosidase. Small amounts of soluble
enzyme were expressed and purified from Origami E. coli culture, but the activity
was very low. When the construct was cloned into the pGEX-4T-1 for
expression as a GST-fusion protein in E. coli BL21(DE3), this has yielded high
levels of �-glucosidase expression, but most proteins were insoluble. While it is
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possible to solubilise protein with guanidine-hydrochloride, the refolding
procedure has proved to be very difficult and an active enzyme has yet to be
obtained. The enzyme was also cloned into the pET15b plasmid as an N-terminal
His-tagged protein. Soluble enzyme can be obtained in substantial amounts when
it is co-expressed with a chaperonin operon in E. coli BL21(DE3). The enzyme
can be purified via IMAC, but it does not exhibit any activity. We are currently
cloning the construct in pET15b into Origami E. coli that harbour a chaperonin
operon, which may together help in the production of soluble active enzyme.

In addition to these microbial constructs.  Two constructs have been
made for expression of Thai rosewood �-glucosidase with an N-terminal His-tag
in plant cells.  The constructs include one with a His6-tag after the signal
sequence and before the mature protein, and one with a thrombin site for
removal of the tag. The constructs were constructed in pCAMBIA1301. In the
future, they can be put into Agrobacterium and transferred into plant cells (eg.
tobacco suspension cells) to see if the protein can be expressed and purified
successfully from the plant.

Several attempts have also been made to crystallize the native enzyme
purified from Thai rosewood seeds.  So far, results have not been promising, and
this may be due to the inherent heterogeneity of the natural enzyme, for example
due to glycosylation. Once the enzyme can be expressed in microorganisms,
more homogeneous enzyme may be obtained for crystallisation.

1.2.5 Rice �	glycosidases
 

Initially, two rice �-glucosidase cDNAs, bglu1 and bglu2 were cloned and
their proteins, BGlu1 and BGlu2, were expressed in E. coli and characterized
(Opassiri et al., 2003).  The activity of BGlu1, expressed in E. coli was high
enough to allow purification by IMAC using the N-terminal thioredoxin-His-tag
in the fusion produced from the pET32a vector.  Levels of BGlu2 activity were
too low for efficient purification and characterization, though hydrolysis of pNP-
�-D-glucoside and pNP-�-D-fucoside were significantly above background.
Comparison of BGlu1 activity against various synthetic glycosides was done to
determine the glycone specificity as shown in Table 4.  To clarify this further,
kinetic parameters were determined for some of the glycosides for which
hydrolysis was seen, as shown in Table 5.

As shown, Bglu1 has been estimated to have a Km of approx. 0.23 mM
and kcat of 4.1 s-1 for both pNP-�-fucoside and pNP-�-glucoside. It also
hydrolyzes pNP-�-D-galactoside, �-D-mannoside, and pNP-�-L-arabinoside, but
neither pNP-�-L-glucoside and –fucoside, pNP-�-D-glucoside and -fucoside, nor
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pNP-�-D-arabinoside and pNP-�-D-thioglucoside. Of the natural substrates
tested, Bglu1 seemed to hydrolyze 1,3- and 1,4- �-linked gluco-oligosaccharides
best with highest activity toward laminaribiose and cellohexaose, as shown in
Table 6. These studies indicated that these oligosaccharide substrates caused
substrate inhibition and also served as substrates for transglycosylation, so low
substrate concentrations, were used to determine kinetic constants for these
substrates (Table 6).

Table 4:  Substrate specificity of the purified rice BGlu1

Substrate Relative activitya (%)
pNP-�-D-glucopyranoside 100
pNP-�-D-fucopyranoside                100
pNP-�-D-galactopyranoside             15
pNP-�-D-mannoside                   5.6
pNP-�-D-cellobioside                    12
pNP-�-D-glucopyranoside               0
pNP-�-L-fucopyranoside                            0
pNP-�-D-thioglucopyranoside         0
pNP-�-D-thiofucopyranoside           0
oNP-�-D-glucopyranoside             97
oNP-�-D-fucopyranoside   16
Methyl-umberriferyl �-D-glucoside                                 33
Methyl-�-D-glucopyranoside             0.1
n-Heptyl-�-D-glucopyranoside                                         3.8
n-Octyl-�-D-glucopyranoside                                         3.6
Phenyl-�-D-glucoside                      0
Amygdalin                             0.4
Prunasin     19
Dhurrin                     0.3
DIMBOA-glucoside         0
Linamarin                              0
Pyridoxin-5’-O-�-D-glucoside                        + (by TLC)
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Table 5: Michaelis-Menten constants for hydrolysis of glycosides by rice BGlu1

Substrate Km (mM) kcat (s
-1)

pNP-�-D-glucopyranoside          0.23
0.01                     4.07
0.04
pNP-�-D-fucopyranoside                  0.23
0.01 4.08
0.04
pNP-�-D-galactopyranoside           3.03
0.22           2.10
0.13
pNP-�-D-mannoside 1.78
0.20 0.51
0.03
pNP-�-D-cellobioside                  0.77
0.02 0.76
0.01
oNP-�-D-glucopyranoside           0.37
0.01 4.55
0.03
oNP-�-D-fucopyranoside           1.66
0.10             6.94
0.34

Table 6: Michaelis-Menten constants for hydrolysis of oligosaccharides by rice BGlu1

Substrate Km

(mM)

kcat

(s
-1

)

kcat/Km

  ( s
-1

 mM
-1

)

Cello-oligosaccharides (DP)
   2
   3
   4
   5
   6

  31.5  
 1.6
   0.72 
 0.02
   0.28 
 0.01
   0.24 
 0.01
   0.11 
 0.01

   1.52 
 0.13
 18.13 
 0.35
 17.34 
 0.63
 16.90 
 0.06
 16.93 
 0.32

  0.05 
 0.002
25.36 
 0.37
61.06 
 0.37
  71.5 
 2.2
152.9 
 0.5

Laminari-oligosaccharides (DP)
    2
    3
    4
    5

 2.05 
 0.1
 1.92 
 0.04
 N. D.a

 N. D. a

   31.9 
 3.1
   21.2 
 0.17
  N. D.a

  N. D.a

  15.7 
 1.9
11.04 
 0.16
 N. D.a

 N. D.a

Sophorose
Gentiobiose

 13.89 
 0.92
   38.3 
 4.1

   5.87 
 0.21
   0.99 
 0.08

  0.42 
 0.02
  0.03 
 0.003
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The BGlu1 kinetic data was used to calculate the subsite binding affinities
of the enzyme.  As shown in Figure 5 below, the enzyme has significant
differences with barley �-glucosidase, despite having high amino acid sequence
identity (68%) and similar substrates.

 Figure 5: Subsite affinities of rice BGlu1 and barley �II �-glucosidase for
cello- oligosaccharides

An HPLC assay was developed to measure pyridoxine-glucoside
hydrolysis.  It was found to be the best natural glycoside substrate hydrolysed
with a kcat/Km ratio of 2.3 s-1M-1, although this was much worse than that for the
cello-oligosaccharides DP 3-6 and laminari-oligosaccharides DP 2-3.  We further
showed that the enzyme can transglycosylate pyridoxine using pNP-�-D-
glucoside as a donor to specifically produce pyridoxine-5’O-�-D-glucoside.

In addition to this functional characterization, we also set-up
crystallization trials on rice BGlu1 thioredoxin-�-glucosidase fusion protein to
attempt structural characterization.  The microbatch crystallization trials resulted
in small hexagonal crystals under some conditions, but larger crystals could not
be obtained.  The tag was removed with enterokinase and the protein was further
purified by gel-filtration chromatography on a Sephadex S200 column.  Peak
fractions were used for crystallization trials and again resulted in small hexagonal
crystals in three of the conditions tested, though these were different than the
conditions that resulted in crystallization of the fusion protein. Again, the crystals
were small, so further optimization will be needed to produce crystals big enough
for data collection.
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In addition to crystallization, structure-function aspects of BGlu1 are
being studied by site-directed mutagenesis.  We have mutated the catalytic
acid/base and catalytic nucleophile glutamates to aspartate and glutamine and are
currently sequencing the mutant cDNA before expressing the proteins.  In
addition, we have collaborated with Prof. Svasti’s laboratory to mutate the
catalytic nucleophile to alanine and serine, in an attempt to create a glycosyl
synthase enzyme.  These constructs still need to be confirmed and characterized.

It has been apparent that plants have multiple genes encoding �-
glycosidase families.  The opportunity to look at the plant wide role of these gene
families has been opened by the sequencing of the rice genome, including the
partial draft from Monsanto, the >90% complete drafts by the Chinese led by the
Beijing Genomics Institute (indica rice) and the Syngenta Corp. Torrey Mesa
Research Institute (japonica rice) and the ongoing efforts for a complete draft by
the Rice Genome Project.  We analyzed the glycosyl hydrolase family 1 and
family 35 genes in the rice genome, and found approximately 47 family 1 genes
and 15 family 35 genes, of which at least 34 family 1 and 13 family 35 genes
appear to be expressed in rice, based on the presence of cDNA sequences,
expressed sequence tags (ESTs) or full-length cDNA sequences in the database.
The Japanese rice cDNA sequencing project, which deposited 28,000 cDNA
sequences in the public databases, was particularly helpful to this analysis, along
with the many EST projects around the globe.

Of the 47 genes identified for family 1, seven have no introns and are not
expressed, indicating they may not be functional rice genes. Six of the seven
intron-less genes, however, are more closely related to bacterial �-glucosidases,
indicating they likely came from endophyte DNA in the indica rice genomic
database. The large number of rice genes will provide a useful resource for
evaluating structure and function relationships.

We have compared 12 of the family 35 genes with genes in this family
from arabidopsis and found that both these groups contain some genes with C-
terminal putative carbohydrate binding domains and some without. The
phylogenetic analysis indicates that this domain seems to have been acquired
early in plant evolution, and subsequently lost from some genes. We have isolated
cDNA for 2 family 35 genes, and several other family 1 genes, and have begun to
complete sequencing of these clones to confirm gene predictions. We also plan to
amplify full-length coding regions of cDNA for other rice �-glycosidases.

In order to characterize the activity of a representative number of glycosyl
hydrolase family 1 and 35 enzymes, we have obtained full-length cDNAs from
twenty-five of these enzymes by RT-PCR or by request from the Rice Genome
Resource Center to put into expression vectors.  We have developed a set of
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Gateway expression vectors to allow rapid screening for the expression of the
enzymes in different systems.  These include Gateway versions of the pET32
expression vector used to express the BGlu1 and BGlu2 proteins, pET32/DEST,
the pPICZ�NH vector for secreted expression in Pichia pastoris, with an N-
terminal His-tag, the pBAD/DEST an Ara promoter N-terminal His-patch-
thioredoxin fusion from Invitrogen, and pMalc/DEST, pMalp/DEST and
pThx/DEST Gateway vectors developed at the Salk Institute, San Diego, CA,
USA.  For overexpression in plants, we have obtained a set of Gateway plant
expression vectors developed by Mark Curtis from the University of Zurich.  We
have currently cloned around 4 new cDNA into pENTR4 or pENTR/TOPO for
introduction into this system.  In addition to the new genes we have cloned into
this system, we plan to put the bglu2 gene into the system, since previous
expression levels were too low for characterization.

Initially, one rice �-glucosidase cDNA, designated cg445-1 based on the
corresponding gene in the Chinese indica rice database, was amplified by RT-
PCR and cloned into this system (pENTR/TOPO).  The sequence of this gene
was nearly identical to the N-terminal protein sequence of the cell-wall-associated
�-glucosidase purified from germinating rice by Akiyama and colleagues (1998).
The protein with �-glucosidase activity was produced from the pBAD/DEST
plasmid in E coli strain Top Ten, from the pET32/DEST plasmid in both
Origami and OrigamiB strains of E. coli and from the pPICZ�NH/DEST
protein in GS115 Pichia pastoris.  The highest levels of activity were obtained from
the pET32/DEST plasmid in OrigamiB and the pPICZ�NH/DEST system.
Both of these systems allowed a portion of the protein to be purified by IMAC
purification, but the other two systems did not allow significant purification due
to poor binding of the proteins to the resin.  In all cases, it has been speculated
that proteolysis that removes the tag may be responsible for the poor binding.
Enough protein was produced from the two systems to allow some
characterization.  It was found that the enzyme hydrolyzed pNP-�-D-glucoside
best, followed by pNP-�-D-galactoside, then pNP-�-D-fucoside, but did not
hydrolyze pNP-�-D-mannoside.  This was surprising, since the enzyme purified
by Akiyama and colleagues did not hydrolyze the �-galactoside, but did hydrolyze
the �-mannoside.  The protein expressed in E. coli and P. pastoris had the same
specificity.

For in plant analysis, we have grown up around 50 mutant lines with
Tos17/2 insertions in glycosyl hydrolase family 1 and 35 genes.  However, so far
no obvious phenotypes have been identified and we have as yet only confirmed
insertion in the gene of interest in five of these rice lines.  This will require that a
student be trained to do this kind of work, which is currently the slowest aspect.
We have also obtained vectors for RNAi knock down and plan to try this with
various genes of these families in the future.
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1.3 Over-expression of Vibrio carchariae chitinase A in E. coli System
for Functional and Structural Studies

Since chitin is the second-most abundant hydrocarbon source after cellulose in
nature, it has recently received attention as a target in the exploitation of the biomass.
Chitin is a recalcitrant molecule, insoluble in water and organic solvents, hence it requires
harsh conditions for chemical recycling. On the other hand, it is attractive to develop a
gentler bioconversion process based on chitinases. Chitinases are a diverse of enzymes
that mainly degrade chitin polymer, releasing smaller fragments of chito-oligosaccharide
products. The enzymes are considered as an efficient source for treatment of chitin,
which is produced in a multi-million ton quantity per annum as a waste by-product by
seafood industry. Chitinase hydrolytic products have potentially useful applications in the
areas of medicine and pharmaceutical industry. For example, chitooligosacharides have a
remarkable compatibility with living tissue and have been proved to promote the wound-
healing process. Some forms of chitin derivatives could be used as drug carriers or
conjugated drug delivery systems. In addition, chitin metabolism is a potential drug target
for the treatment of some forms of human parasite and fungal infections.

Dr. Wipa Suginta has previously purified chitinase A from a marine bacterium,
Vibrio carchariae. The gene that encodes chitinase A has been isolated from a genomic
library of V. carchariae, and then subsequently cloned into the pBluescript KS II (-)
cloning vector. A clone, designated P3C1, carrying a 4.0-kb DNA fragment, which
contains the full-length nucleotide sequence of chitinase A. This 2.7-kb DNA fragment
included the putative regulatory region (Chi A promoter), ribosome binding sequence
(Shine-Dalgarno sequence), 21-amino acid signal peptide, a 1.7-kb structural gene
encoding the mature chitinase A, and the C-terminally processed fragment. This P3C1
clone exhibited high expression level in E. coli DH5a upon induction by swollen chitin
and IPTG. However, the protein was found to be expressed as an inactive precursor with
higher molecular weight (95 kDa) than the secreted, functional enzyme (63 kDa).

Dr. Wipa Suginta’s research proposed to: i) establish a high expression system of
V. carchariae chitinase A in E. coli to obtain the recombinant chitinase A in active form; ii)
study the enzymatic properties of chitinase A by comparing the chitinolytic activity, as
well as synthetic properties of the expressed enzyme with the native enzyme; iii)
investigate the molecular structure of chitinase A based upon the available nucleotide
sequence data and; iv) set up crystallization trials aiming to obtain the complete 3D-
structure of the enzyme.

1.3.1 Peptide mass analysis and determination of C-terminal proteolytic
cleavage site of V. carchariae chitinase A

The ensemble of peptides, which were eluted from in-gel digestion of
chitinase A purified from V. carchariae, was analyzed by means of MALDI-TOF or
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nanoESI mass spectrometry and subjected to a data-bank search. This process,
commonly denoted as mass fingerprinting, resulted in an unambiguous match of
this protein to the chitinase A gene (Table 7). The molecular mass of peptide T1
(2040.7) agreed well with the theoretical mass (2040.0) of the N-terminal peptide
identified previously by microsequencing. In addition, peptide T39, identified as
being nearest to the C-terminus, had a mass of 551.0, which matched the mass of
the tryptic peptide sequence GNYAK.

The chitinase A precursor had a calculated Mr of 90,249, which was
slightly less than indicated by SDS-PAGE (95,000). Because the chitinase
precursor was inactive and its molecular mass was approx. 23 kDa larger than the
native enzyme, the precursor must be cleaved by a proteinase in V. carchariae in
order to form the active 63-kDa chitinase A. MALDI-TOF measurements
yielded a peak of Mr 62,698, which corresponded to the mass of chitinase A
predicted to end at Arg597 (calculated Mr 62,718.12).

Table 7: Mass identification of tryptic peptides of V. carchariae chitinase
A by MALDI-TOF or nanoESI mass spectrometry
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1.3.2 Sequence comparison and structural topology prediction

Since the gene encoding chitinase A from V. carchariae was isolated and its
nucleotide sequences was determined previously by Suginta et al.(2000), the
deduced amino acid sequence of chitinase A from V. carchariae was then
compared with other bacterial Chi A sequences. The putative mature chitinase A
gave highest identity with Chi A from V. parahaemolyticus (94%), followed by Chi
A from S. liquefaciens (48%), Chi A from Alteromonas sp. (47%), and Chi A from
Enterobacter sp. (47%), Chi A from S. marcescens (47%), and Chi A from Pantoea
agglomerans (44%), respectively. V. carchariae chitinase A aligned with Chi A from
Bacillus circulans with low identity (18%). The amino acid alignment revealed that
bacterial chitinase A is highly conserved in the catalytic region (data not shown).
Two completely conserved motifs are found within the predicted TIM barrel
catalytic domain: SxGG (located at the �3 strand) and DxxDxDxE (located at the
�4 strand) The function of the SxGG is still unknown. In the enzyme catalysis of
family 18 chitinases, which requires a substrate-assisted mechanism, Glu315
located at the end of the DxxDxDxE motif has been strongly proved to serve as
the essential catalytic residue of chitinase A. The aspartic acid residue Asp392 in
the V. carchariae sequence has been suggested to help stabilise the transition states
flanking the oxazoline intermediate and to assist the correct orientation of the 2-
acetamido group during the enzyme catalysis.

The secondary structure of V. carchariae chitinase A was predicted to be
similar to the published 3D-structure of SmChiA from Serratia marcescens. Basically,
the structure contains three main domains: (i) the N-terminal chitin binding
domain (Chi N domain) (residues 21-138) consisting only of �-strands, which are
connected through a hinge region (residues 139-159) to (ii) the main (�/�)8-TIM
barrel domain (residues 160-458 and residues 549-591) and (iii) a small domain
(residues 459-548), which has an � +�-fold structure. This small insertion domain
is an excursion from the (�/�)8 barrel between strand �7 and helix �7. The
predicted topology of the catalytic domain of V. carchariae chitinase A (Figure 6) is
shown to be similar to the catalytic domain of SmChi A from Serratia marcescens.
The V. carchariae catalytic domain covers Val160-The458 and His549-Val591 and
comprises eight �-strands running parallel to one another throughout the barrel,
together with �-helices that lie anti-parallel to the barrel. Interestingly, small �-
helices (G1-1, G1-2, and G1-3) that have been identified as parts of helix �1 in
the S. marcescens ��
�)8 barrel are missing in the V. carchariae barrel. As a result, the
predicted catalytic domain of V. carchariae chitinase A would comprise seven
helices instead of eight helices as commonly found for other (�
�)8-barrel
enzymes.
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Figure 6: Predicted topology of the catalytic domain of V. carchariae
chitinase A

1.3.3 Cloning and expression of chitinase A in E. coli

Chitinase A expressed in E. coli as the unprocessed precursor was much
less active than the enzyme purified from V. carchariae. Taking advantage of the Mr

of the native enzyme obtained from MALDI-TOF measurement, two
oligonucleotides were designed to generate the protein without the 23-kDa C-
terminal proteolytic peptide. A 1.7-kb DNA fragment encoding the C-teminally
processed chitinase A was cloned into pDrive cloning vector, and later transferred
to the pQE60 expression vector. The protein was expressed under the T5
promoter in E. coli M15 under optimized conditions with high yield (~ 10 mg/l
culture). Using such a system, the expressed chitinase was a hybrid protein with
six histidines tagged at the C-terminus. The protein was purified using Ni-NTA
agarose affinity chromatography, followed by Superdex-S200 HR FPLC.
Electrospray MS confirmed the Mr of the expressed protein to be 63,823 (±15),
corresponding to the calculated Mr of the mature chitinase (62,718.12 Da) plus
two additional amino acids: arginine and serine (260.27 Da). These amino acids
were encoded by the six nucleotides (AGATCT) corresponding to the Bgl II
cloning site following the codon of Arg597 of the mature chitinase A, and formed
a link to the C-terminal histidine tag residues (839.85 Da). The total calculated
mass of the expressed protein is therefore 63,818.24 Da. The expressed protein
exhibited chitinase activity using the gel activity assay with glycol chitin substrate.
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As analyzed by HPLC/ESI-MS, chitinase A, expressed in E. coli, was able
to hydrolyze colloidal chitin. Figure 7 shows a HPLC-MS chromatogram of
chitooligosaccharide products acquired after 5 min of reaction time. The enzyme
degraded chitin polymer releasing chitooligosaccharide products ranging from
GlcNAc to [GlcNAc]7 with [GlcNAc]2 as the major product (> 80% of the total
products). Although [GlcNAc]5 and [GlcNAc]7 were not clearly seen in the
HPLC-MS chromatogram, their molecular masses were certainly observed in the
MS spectrum. The release of chitooligosaccharide products with various sizes
confirmed the endo characteristic of V. carchariae chitinase A. The hydrolytic
activity determined for the expressed chitinase A was found to be identical to that
of the native enzyme tested with the same method.

Figure 7: HPLC-MS chromatogram of hydrolytic products of chitinase A
expressed in E. coli.

1.3.4 Enzymatic properties of chitinase A from V. carchariae

Enzymatic properties of the native and recombinant chitinase A were
studied using quantitative HPLC–ESI mass spectrometry. Since initial data gave
identical characteristics between the two enzymes, chitinase A from V. carchariae
was later chosen for detailed investigation of substrate hydrolysis. In conclusion,
a combination of HPLC and ESI-MS allowed separation of � and � anomers and
simultaneous monitoring of all chitooligosaccharides produced. Chitinase A
primarily produced �-anomeric products, indicating that it catalyzed hydrolysis
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through a retaining mechanism. Notably, the enzyme did not hydrolyze dimers,
but required trimers as shortest substrate, producing (GlcNAc)2 as the major
product, together with GlcNAc after complete hydrolysis. Hydrolytic activity of
Chitinase A against short chitooligosaccharides and pNP glycosides was
determined as function of time. The “classical” colorimetric assay employing
pNP glycosides gave identical results to the analysis based on calibrated mass
spectrograms. The kinetics of hydrolysis showed Km and kcat/Km values to be:
pNP-(GlcNAc)2 (1.1 mM, 6.8 x 103 s-1M-1), (GlcNAc)3 (11.9 mM, 8.7 x 102 s-1M-1),
(GlcNAc)4 (2.2 mM, 2.7 x 102 s-1M-1), (GlcNAc)6 (0.2 mM, 3.1 x 104 s-1M-1)., and
chitin (0.2 mg/ml), respectively. Hence, Chitinase A had a greater affinity towards
higher molecular weight chitooligosaccharides. Chitinase A exhibited endo-
characteristics while cleaving either the second �–glycosidic linkage from the
non-reducing end or the internal glycosidic linkages of the sugar chains. Relating
our findings to the reported structures of other chitinases, we could confirm six
GlcNAc subsites, two of which forming a predominant recognition site.

Using HPLC/MS to study the hydrolysis of pNP-(GlcNAc)n substrates,
we also found evidence for polymerisation. The amount of oligomers produced
was in the order of 1-5% of the substrates. Apart from the much more
prominent formation of the (GlcNAc)2 hydrolysis product, trimer (GlcNAC)3

and tetramer (GlcNAc)4 were also primarily synthesized from pNP-(GlcNAc)2 by
chitinase A.  Upon the availability of the standard sugars tested in the
experiments, the synthetic products were observed to be (GlcNAc)4 and
(GlcNAc)6 when pNP-(GlcNAc)3 was used as the substrate. Figure 8 shows the
synthesis of (GlcNAc)3 and (GlcNAc)4 from pNP-(GlcNAc)2 within the first 60
minutes of reaction time. It is notable that the tetramer, once synthesized, is
hydrolysed considerably faster than the trimer. Under given conditions (low
temperature, short reaction time and relatively low substrate concentrations),
oligosaccharide synthesis was likely to take place through transglycosylation
rather than reversal of the hydrolytic reaction.
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Figure 8: Oligosaccharide synthesis from pNP-(GlcNAc)2 by chitinase A.

1.3.5 Preliminary study of protein crystallization

Since high-level expression of the active chitinase A has recently been 
established in the E. coli M15, rapid screening for chitinase crystals were carried 
out by a microbatch method using the Crystal Screen kits from Hampton 
Research, USA and the JBScreen HTS I and HTS II from Jena Bioscience, 
Germany. Crystallization of the purified chitinase A (10 mg/ml) was set up using 
the hanging-drop method. Protein crystals were grown in the crystallization 
buffer containing 0.1 M sodium acetate buffer, pH 4.6 containing 10% PEG 400, 
and 0.125 M CaCl2 as precipitant, at 15oC. Crystals of chitinase were observed 
after 4 days of incubation (Figure 4). We found that 0.1 M sodium acetate buffer, 
pH 4.6 containing 20% Glycerol, 10% PEG 400 and 0.125 M CaCl2 could be 
used as a cryoprotectant solution for crystal mounting in cold N2-stream (–160°
C).
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  Figure 9: A crystal of chitinase A expressed in E. coli

Under a collaborative project with Dr. Jirundon Yuvaniyama, Mahidol 
University, diffraction data of the obtained crystals were collected using a 
Rigaku/MSC R-AXIS IV++ detector with a RU-H3R rotating-anode generator 
with Osmic Blue confocal focusing mirrors running at 50 kV and 100 mA. 
Diffraction data were recorded over 65° rotation of the crystal around phi axis in 
260 diffraction images with a width of 0.25° per image. Using the program 
d*TREK, primarily structural analysis revealed that the crystal diffracted X-rays 
up to 2.14 Å resolution with 97.2% completeness and belonged to the tetragonal 
space group P4122, or P4322 with unit-cell parameters a = 127.64, b = 127.64, c 
=171.42 Å. Currently, SmChiA from Serratia marcescens and a fungal chitinase 
(CiX1) from Coccidioides immitis are being used as phasing models to provide an 
initial Molecular Replacement (MREP) solution. Other chitinases from the family 
18 may also be tried considering their moderate sequence identities with chitinase 
A. Alternatively, Multiple Anomalous Diffraction (MAD) technique performed 
with a synchrotron radiation source will be attempted to overcome the phase 
problem.

In conclusion, the enzymatic properties of chitinase A from V. carchariae
were studied using HPLC-ESI MS. Under given conditions, chitinase A revealed
both hydrolytic, as well as synthetic activities, giving an indication in utilisation of
the enzyme in biotechnological and medical applications. Identification of the C-
terminal proteolytic cleavage site using MALDI-TOF MS provided the possibility
for the gene encoding the processed chitinase A to be cloned and functionally
expressed in a high expression E. coli system. The recombinant protein exhibited
chitinase activity and could form crystals with x-ray crystallization quality,
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providing a good implication in 3D-structural determination. For future research,
x-ray crystallization will be employed to obtain the 3D-structure of the enzyme
both in free form and in complex with chitooligosaccharide substrates. It is
hoped that the structural information will provide an insight into the molecular
mechanism of the enzyme in chitin hydrolysis. Understanding the mode of
enzyme action will eventually lead to generation of a new enzyme molecule with
particular properties that are applicable for biotechnological purposes.

1.4 Purification and Catalytic Properties of Plant �-Mannosidases

�-Mannosidases (EC.3.2.24) are glycoside hydrolases involved in both the
maturation and the degradation of Asn-linked oligosaccharides in all eukaryotes.
Traditionally, they have been grouped into two classes (I and II) based on functional
characteristics, sequence homology and their cellular compartmentation. Class I �-
mannosidases, classified to family 47 of glycosyl hydrolase, only hydrolyze �-1,2
mannose bonds and are all involved in the maturation of Asn-linked oligosaccharides, by
trimming of Man9GlcNAc2 to Man5GlcNAc2. Class II �-mannosidases, classified to
family 38 of glycosyl hydrolase, possess �-1,3, �-1,6, and �-1,2 hydrolytic activity, and
catalyze the degradation of Asn-linked oligosaccharides. Class II enzymes can be
localized to the cytosol, lysosomes, and Golgi complex, while class I enzymes are found
in either the endoplasmic reticulum (ER) or the Golgi complex.

�-Mannosidases can be used in carbohydrate bioengineering by using their
specific hydrolytic activity and in synthesis of various mannose-containing
oligosaccharides both in natural and synthetic substrates. Of the plant enzymes, Jack
Bean �-mannosidase is well known and is often used for reverse hydrolysis. �-
Mannosidases have also been studied in our laboratory. Notably, we have purified �-
mannosidases from red bean, and studied their specificity for hydrolysis of different
mannose disaccharides, as well as specificity of bond formation in reverse hydrolysis.  We
have also found moderately high levels of �-mannosidases from Hibiscus sabdariffa var
sabdariffa (roselle) and Albizzia procera Benth, and both of these enzymes have been shown
to give good yields in reverse hydrolysis involving mannose alone and mixtures of
mannose with raffinose, producing various oligosaccharide products including
tetrasaccharides.

1.4.1 �-D-Mannosidase from Albizzia procera Benth.

�-Mannosidase is being purified from Albizzia procera Benth. in Dr. Sujint
Anguravirutt’s laboratory at Mahasarakham University (MSU). Seeds of Albizzia
procera Benth. were surface-sterilized, soaked overnight in distilled water, and
homogenized in 0.05 M sodium acetate buffer, pH 5.0, containing 1 mM
phenylmethyl sulphonylfluoride and 5% (w/v) polyvinyl-polypyrrolidone. The



38

homogenate was centrifuged and treated with 25% Dowex 2-X8. The crude
extract was fractionated by ammonium sulfate at 35-75% saturation, and the
precipitate was resuspended in 0.1 M sodium acetate buffer, pH 5.0, dialyzed
against 0.02 M potassium phosphate buffer, pH 6.5 overnight, and fractionated
by anion-exchange chromatography on a Diethylaminoethyl-Sepharose column
(ANX Sepharose 4 Fast Flow, Amersham Biosciences) equilibrated with 0.02 M
potassium phosphate buffer, pH 6.5. The column was first washed with 2
volumes of the starting buffer to elute the unbound proteins. The bound proteins
were eluted with 10 volumes of the same buffer containing a linear gradient of 0-
0.2 M NaCl, followed by 10 volumes of a linear gradient of 0.2-0.5 M NaCl, 5
volumes of a linear gradient of 0.5-1.0 M NaCl, and 5 volumes of 1.0 M NaCl in
the buffer, respectively. Fractions containing �-mannosidase activity, eluted at
0.25-0.4 M NaCl, 0.02 M potassium phosphate buffer, pH 6.5, were pooled.

The enzyme pool was concentrated and loaded onto a Sephacryl S-300
HR gel filtration column (HiPrep 16/60, Amersham Biosciences) equilibrated
with 0.05 M potassium phosphate buffer, pH 6.5 containing 0.15 M NaCl.
Proteins were eluted from the column with the same buffer. �-Mannosidase
fractions had molecular weight of about 320 kDa, and were loaded on a Butyl
Sepharose 4 Fast Flow column equilibrated with 1.5 M ammonium sulfate in 0.02
M potassium phosphate buffer, pH 6.5. After washing with 2 volumes of starting
buffer to elute unbound proteins, bound proteins were eluted with 20 volumes of
the same buffer containing a decreasing linear gradient of 1.5-0 M ammonium
sulfate, followed by 10 volumes of 0.02 M potassium phosphate buffer, pH 6.5.

From 100 g of Albizzia procera Benth. seeds, 1.8 mg of purified �-
mannosidase was obtained with specific activity 594 nkat/mg, representing a 160-
fold purification with 12% yield. The resulting enzyme obtained is at least 95%
pure by polyacrylamide gel electrophoresis, and of sufficient purity for use in
study of kinetic properties. .

The enzymes properties of the �-D-mannosidase from Albizzia procera
Benth., from the Butyl Sepharose 4 column were studied, as follows. Study of the
dependence of activity on pH showed a rather broad pH optimum, ranging from
pH 3.0-pH 5.5, with maximal activity at pH 4.0. When temperature was varied,
highest enzyme activity was obtained at 60 0C. Study of activity with various p-
NP-glycosides at 1 mM indicated that the enzyme showed by far the highest
activity for p-NP-�-D-mannoside, with other p-NP-glycosides showing <2.5% of
the activity compared to p-NP-�-D-mannoside. Kinetic studies showed that the
Km and Vmax of �-D-mannosidase from Albizzia procera Benth. for p-NP-�-D-
mannoside were 1.2 mM and 0.9 �mol/min, respectively.



39

The effect of various compounds on the hydrolytic activity of the �-D-
mannosidase from Albizzia procera Benth. was studied. Aliquots of the enzyme
were incubated in buffer containing 1mM EDTA, 1mM ZnCl2, 1mM CaCl2,
1mM MgCl2, 1mM KCN, respectively, and the enzyme activity was determined
using p-NP-�-D-mannoside as substrate. The results indicated that none of the
metal ions tested had significant effect on the activity of the enzyme.

The �-D-mannosidase from Albizzia procera Benth. was also tested for
transmannosylation of alcohols to synthesize alkyl mannosides. D-mannose or p-
nitrophenyl �-D-mannopyranoside was used as mannosyl-donor while methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-1-propanol, 2-butanol, 2-
methyl-2-propanol, 1-pentanol, 1-hexanol, and 1-heptanol, respectively, were used
as mannosyl-acceptor substrates. The products formed were analyzed by TLC. The
results showed that the alkyl mannosides could be obtained from every alcohol
tested, except from 2-methyl-2-propanol, but with different yields. Short-chain
primary alcohols gave good yield of alkyl mannoside, while long-chain primary
alcohol and secondary alcohols gave poorer yields.

1.4.2 �-D-Mannosidase from Hibiscus spp.

Since the content of glycosidase in Hibiscus spp. was variable, we checked
the content of glycosidases, i.e.,��-mannosidase, �-galactosidase, �-galactosidase,
�-glucosidase, �-N-acetyl-glucosaminidase in Hibiscus spp. plant of 3 varieties
(var. sabdariffa, CV. Kleebyao, and a hybrid variety) and okra (Hibiscus esculentus L.
CV. OK#5) at different imbibing and germination time.  The isozyme content
was also studied by non-denaturing gel electrophoresis staining with 4-
methylumbelliferyl-�-D-mannopyranoside.  Compared to the other varieties,
Hibiscus spp. plant var. sabdariffa shows highest activity of �-mannosidase, so this
variety is used for further study.  Identification of the variety of this plant was
confirmed by taxonomic study (coordinated with Assist. Prof. Oraphan
Sangkajantranon (Dept. of Botany, Faculty of Liberal Arts and Science, Kasetsart
University, Kamphangsaen Campus) and Dr. Supachitra Chadchawan (Dept. of
Botany, Faculty of Science, Chulalongkorn University), indicating its species is
Hibiscus sabdariffa L. var sabdariffa or in common name, roselle.

As a result, two isozymes of �-mannosidase were purified from this
roselle by 30-80% ammonium sulfate fractionation and various chromatographic
steps, i.e., DEAE-cellulose, CM-cellulose, hydroxyapatite, Sephacryl HR S-200
and Sephacryl HR S-300.  In all cases, buffers used were sodium phosphate
buffers, pH 7.7, with appropriate concentration, except for CM-cellulose, which
was sodium acetate buffer, pH 4.4 + 1 mM ZnCl2.  The enzyme, passing through
hydroxyapatite chromatography, was free from �-mannosidase and the other
major glycosidases, i.e., �-galactosidase, �-galactosidase, �-glucosidase, �-N-
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acetyl-glucosaminidase and used for preliminary oligosaccharide synthesis study
using the reverse hydrolysis reaction.  Appropriate analysis systems for separation
of mannose, xylose, glucose, galactose, arabinose, and various mannobioses
linked with �(1�2), �(1�3), �(1�4), and �(1�6) were first studied by using
thin-layer chromatographic (TLC) technique (silica gel) with various developing
systems.  Moderately good separation of the above standards was obtained from
the combination of the 3 successive analysis from 5 developing systems.  Reverse
hydrolysis of �-mannosidase using mannose as sugar donor and acceptor gave
various mannobioses as products.  Highest product yield was obtained at pH 4.0,
and at 60�C.  The amount of products occurred was measured from the intensity
of the spots.  After 3 and 7 days incubation with 50% mannose at optimal pH
and temperature, Man�(1�6)Man (623 mM at 3 days and 783 mM at 7 days) was
the major product compared to Man�(1�2)Man, Man�(1�3)Man, or Man�
(1�4)Man (total of 541 mM at 3 days and 662 mM at 7 days).  Reverse
hydrolysis of �-mannosidase was also performed using mannose as sugar donor
and other monosaccharides as sugar acceptors.  No products were detected by
using 10% mannose with 40% xylose or 40% glucose. However, when enzyme
was incubated with 10% mannose with 40% galactose or 40% arabinose,
unknown mixed products were obtained in good yield.

Both isozymes from Sephacryl HR S-300 were recovered in
approximately in 3% yield compared to crude extract.  Two major bands from
SDS-PAGE were obtained from Sephacryl HR S-300, showing molecular weight
at 69.6 kDa and 56.6 kDa, with the 69.6 kDa-band having double intensity.  The
isozyme I, with pI value of 4.8 was separated from isozyme II, with pI value of
4.9-6.0, using CM-cellulose chromatography at pH 4.4 + 1 mM ZnCl2 with a pH
step pH gradient from pH 4.4-5.0 at intervals of 0.2 pH unit and then with salt
linear gradient from 0-0.3 M NaCl at pH 5.0.  Both isozymes are drastically lost
their activities.  However, a single band having the molecular weight of 69.6 kDa
was obtained from SDS-PAGE with the isozyme I sample, whereas isozyme II
could not be seen since the protein concentration was not sufficient to run SDS-
PAGE with coomassie staining.  The native molecular weight of the enzyme on
Sephacryl HR S-300 column was in the range of 360-480 kDa, indicating that the
enzyme should comprise of 6 subunits.  Both isozyme I and II, seem to be
unstable after prolong storage at 4�C in buffer with various pHs, even containing
ZnCl2, and after running on hydroxyapatite.  However, isozyme I seem to be
more promising for study than isozyme II, due to the higher yield and purity, so
work will focus on isozyme I.  The kinetic values, Km and Vmax, of isozyme I
towards p-nitrophenyl-�-D-mannopyranoside are 1.05 mM and 0.36 �mol/min,
respectively.  For hydrolysis, optimum pH and temperature were at pH 4.0-4.5
and 60-70�C, respectively, similar to the optimum pH and temperature for
synthesis.  When dialysing the partially purified enzyme in buffer at pH 5.5 and
7.0 with and without EDTA overnight, only the activity of enzyme dialysed in



41

buffer pH 5.5 with EDTA is lost by about 50% compared to the sample dialysed
in the same buffer but without EDTA.  But the activities of both enzymes
dialysed in buffer pH 7.0 with and without EDTA are in the same range.
Incubation of sample dialysed at pH 5.5 with EDTA in ZnCl2, CoCl2 or CaCl2 for
1 hr at 30�C shows that the activity of only the sample incubated in ZnCl2 was
fully recovered.  However, addition of Zn2+ in assay buffer at pH 5.0 does not
improve the activity of the purified enzyme.  In addition, assay of the enzyme in
1 mM EDTA with and without addition of 1 mM ZnCl2 does not seem to
decrease or increase the activity.  This indicates that the enzyme requires Zn2+

only for stabilising activity and possibly not for catalysis.

2. Enzymes Involved in Synthesis of Penicillin Derivatives

Penicillin is one of the most important antibiotics in the world, and many
derivatives have been developed with increased efficacy.  Use of enzymes for various
steps in the synthesis of penicillin derivatives provides important alternatives for
chemical synthesis, due to the high specificity and moderate conditions of enzyme
reactions.  The enzymes to be studied here are not only of potential value in terms of
applications, but will provide interesting lessons in understanding protein structure and
function relationships.  Two projects are in progress.

2.1 Conversion of Bacterial Penicillin G Acylase to Cephalosporin C Acylase
by Protein Engineering

The production of semisynthetic cephem antibiotics requires 7-amino-
cephalosporanic acid (7ACA) as an important intermediate, which can be generated by
hydrolysis of cephalosporin C (CC) as shown in Figure 10.  Enzymatic hydrolysis of CC
is preferable to chemical reactions due to the mild conditions used and advantages in
terms of cost effectiveness as well as environmental safety.  Unfortunately, CC acylases
identified from various sources either have low activity toward CC or are actually specific
for 7-�-(4-carboxy-butanamido)-cephalosporanic acid (glutaryl-7ACA or GL-7ACA), an
intermediate in an alternative pathway (shown with dashed arrows in Figure 10).  The
high costs of running multiple bioreactors, and the low activity of CC acylase for a single-
step reaction make enzymatic production of these antibiotics unfavorable.  Penicillin G
acylase (PGA; benzylpenicillin acylase; EC 3.5.1.11) hydrolyses penicillin G (PG) to
phenylacetic acid (PA) and 6-aminopenicillanic acid (6APA).  As the CC and PG
structures are relatively similar (see Figure 1) and they can be hydrolysed by the same
deamidation mechanism, changing substrate specificity of PGA to recognise CC is a
possibility for developing the desired CC acylase activity.  Work with this aim is being
carried out in Dr. Jirundon Yuvaniyama’s laboratory, and progress so far is as follows.
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Figure 10: Deamidation of cephalosporin C (CC) to 7-aminocephalosporanic acid
(7ACA) and penicillin G (PG) to 6-aminopenicillanic acid (6APA).  Dashed arrows
show an alternative pathway of CC hydrolysis currently used in industry that occurs
through 7-�-(5-carboxy-5-oxopentanamido)-cephalosporanic acid (keto-CC) and 7-�-(4-
carboxybutan-amido)-cephalosporanic acid (glutaryl-7ACA; GL-7ACA) intermediates.

2.1.1 Homology modeling of wild-type Bacillus megaterium penicillin G acylase
(PGA)

Since three-dimensional structures of Escherichia coli (ATCC 11105) PGA
are publicly available, we have used one of them (PDB: 1PNM) as a template
structure in the building of homology model of B. megaterium PGA.  An alignment
of amino-acid sequences of both proteins shows 31% identity (49% homology)
suggesting that the homology model can be built with substantial reliability.  The
alignments of chains A and B of both enzymes were manually checked for
possible loop structures of the gap/insertion regions.  Then, the structural
models of B. megaterium PGA chains A and B were separately built based on the
optimally aligned sequences.

2.1.2 Identification of amino-acid candidates for mutagenesis of Bacillus
megaterium penicillin G acylase

A model structure of cephalosporin C (CC) was manually docked into the
active site of the B. megaterium PGA based on the knowledge of protein–ligand
interactions obtained from various structures of E. coli PGA complexes.  This
suggested a binding mode in that the side chain of CC would be buried in the
deep hydrophobic pocket of the enzyme.  It should be noted that the CC nucleus
did not make extensive contacts with the enzyme in this binding mode.  Since the
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side chain of CC should contain both positive and negative charges in the
working pH range of PGA, this binding mode predicted unfavorable interactions
between the ligand and enzyme in agreement with the known data.

We have hypothesized that the protein–ligand interactions around the
region of CC side chain are the major determinants for CC being a poor substrate
for this PGA.  Therefore, amino-acid mutations in this hydrophobic pocket
which offer more favorable interactions to the CC side chain may contribute to
an improved binding recognition of the mutant enzyme towards CC. Although
flexibility of the CC side chain may allow for several possibilities in designing the
mutations to improve the protein–ligand interactions, we have chosen only one
possibility for mutagenesis.  Our plan is to initially start with minimal mutation
for simplicity in both design and experimental set up and possibly optimize or
redesign the interactions later once the actual three-dimensional structure of B.
megaterium enzyme becomes available.  With this plan, we decided to incorporate a
histidine and a glutamic acid to provide positive and negative charges in places of
a leucine and a methionine, respectively.

2.1.3 Site-directed mutagenesis of Bacillus megaterium penicillin G acylase (PGA)

The plasmid pBA402 containing the pac gene of B. megaterium PGA
enzyme kindly provided by Prof. Vithaya Meevoothisom has been engineered to
add a new BamHI restriction site upstream of the pac gene.  Together with the
existing downstream XbaI site, this allowed for the pac gene transfer such that all
mutagenesis works could be made in the E. coli system, which provide an easier
control over the plasmid manipulations.  The pac gene was inserted in the pET3a
expression vector and the codons for leucine-56b and methionine-181b were
then replaced with those of histidine and glutamate, respectively, as planned.  The
mutagenesis work was done using DyNazyme EXT (Finnzymes) high-fidelity
polymerase in the PCR-based mutation with appropriate oligonucleotide primers.
All mutations have been confirmed by DNA sequencing.  The mutant gene will
be inserted into the modified pBA402 vector, in order to replace the wild-type
gene for further characterization in B. megaterium system.

2.1.4 Transformation of B. megaterium UN-CAT1 host cells

The mutated pac gene on the pET3a vector has been re-inserted into the
modified pBA402 plasmid vector and then electroporated into B. megaterium UN-
CAT1 host cells for expression of the engineered protein as planned.  It was
found later that the host cells obtained from our collaborator already contained
some plasmid DNA and could not be used for our work, so the work needs to be
repeated with proper host cells.
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2.1.5 Preliminary characterization of Bacillus megaterium penicillin G acylase
(PGA) in Escherichia coli

In addition to the planned transformation of B. megaterium UN-CAT1
cells with the mutated pac gene, the mutant and wild-type genes also have been
inserted into the pET3a vector and put in E. coli BL21 (DE3) pLysS for
expression study.  Both the wild-type and mutant proteins could be expressed in
comparable amounts upon IPTG induction.  The proteins could auto-process
resulting in subunits of the correct sizes as estimated with SDS-PAGE.  Both
types of cells were then tested for survival and growth in liquid media containing
either penicillin G (PG) or cephalosporin C (CC) of various concentrations.  The
E. coli cells expressing the mutant PGA could grow in the presence of lower
concentrations of either PG or CC, in comparison with those cells expressing the
wild-type PGA.  This preliminary finding indicates that the mutations of active-
site residues have affected the catalytic ability of the enzyme although further
investigation is required to understand whether this is due to the change on
protein stability or enzyme specificity.  However, with recent progress in
crystallization of the wild-type B. megaterium PGA, the priority of research is being
given to X–ray structure determination of the enzyme, since identification of
candidate residues for protein engineering is more accurate with its actual
structure than with a homology model.

2.1.6 Expression and purification of wild-type Bacillus megaterium penicillin G
acylase

Wild-type PGA was expressed in B. megaterium UN-CAT1 containing
pBA402 and then purified using SP-Sephadex C25 column at pH 6.0.  The bound
PGA was eluted with a 0–500 mM NaCl gradient.  SDS-PAGE electrophoresis
showed the denatured heterodimer bands of 23 kD and 61 kD (for chains A and
B, respectively) with no other detectable impurities.

2.1.7 Crystallization trials of purified B. megaterium PGA

The concentrated, purified wild-type PGA obtained from B. megaterium
UN-CAT1 cells was subjected to crystallization trials in order to assess its
crystallizability.  Plates and prism-shaped crystals were obtained from the
preliminary crystallization screens using a number of buffer, salt, and precipitant
combination in the modified microbatch set up.  The positive conditions were
optimized to grow large single crystals of PGA enzyme suitable for X-ray
diffraction studies.
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Figure 11: Crystals of wild-type B. megaterium penicillin G acylase (PGA)
from crystallization screens.

One of the positive crystallization conditions of the wild-type B.
megaterium PGA has been optimized to obtain moderate-sized crystals (0.2 x 0.05
x 0.05 mm3). A complete diffraction data set has been collected at cryo-
temperature (–160°C) on the R-Axis IV++ image-plate detector system mounted
on Rigaku/MSC rotating anode generator running at 50 kW. The data were
processed with the program CrystalClear to 2.8 Å resolution with an R-merge of
6.0%. Preliminary characterization showed the crystal belonged to the monoclinic
P21 space group with cell parameters: a=59.6 Å, b=76.9 Å, c=79.4 Å, and
�=99.0° and 42% estimated solvent content (VM=2.1 Å3/Da).  The Escherichia coli
PGA structures (PDB 1AI5 or related) were used as molecular templates in
determining the initial phases using the techniques of Molecular Replacement
under the AMORE program of the CCP4 suite.  We found that the E. coli and B.
megaterium PGA were quite different, making it difficult to obtain Molecular
Replacement solutions.  This could explain our earlier lack of success in protein
engineering of B. megaterium PGA based on a homology model built on the E. coli
structure.  However, preliminary solutions have been obtained and are being
further investigated.

Initial electron-density maps were calculated after rigid-body
minimization calculation of the template against our X–ray diffraction data.  We
have been interpreting the electron-density maps and rebuilding the template
PGA structural model to reflect the actual B. megaterium PGA density.  The
polypeptide backbone is being traced based on 2mFo–DFc and mFo–DFc
Fourier syntheses with difficulty, probably due to significant differences from the
E. coli PGA structural template.  We are still continuing to pursue this with
additional approaches in electron-density map calculation in order to simplify the
interpretation. Among these, calculations of composite simulated-annealing omit
map, as well as phase improvement using ARP/wARP procedure, are being
attempted.
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Figure 12: X–ray diffraction pattern of a crystal of wild-type B. megaterium PGA

2.2 Three Dimensional Structure of Pseudomonas stutzeri D-Phenylglycine
Aminotransferase

The enzyme amino acid aminotransferase acts to transfer amino (-NH2) groups,
using pyridoxal-5’-phosphate (PLP) as a coenzyme, and in general does not change the
stereochemistry of the substrate or product of the reaction. However, certain enzymes in
this group have been found in plants and bacteria, that can change the stereochemistry to
give compounds of opposite configuration.

D-phenylglycine aminotransferase (D-PhgAT) has been discovered in soil
bacteria Pseudomonas stutzeri ST-201, and is a dimeric protein with molecular weight of 92
kDa. It uses D-phenylglycine or D-4-hydroxyphenylglycine as amino group donor and
converts 2-oxoglutarate, amino group acceptor, to L-glutamic acid. The enzyme has high
substrate specificity and cannot use D- or L-phenylalanine, tyrosine, alanine, valine,
leucine, isoleucine or serine as substrate. Studies on the structure of L-amino acid
aminotransferase and D-amino acid aminotransferase have been reported. However, the
mechanism of the stereo-inversion catalysed by D-PhgAT is an interesting problem that
has not been studied yet. Studies of the three-dimensional structure of D-PhgAT will not
only provide information about substrate specificity and catalytic mechanism, but will
also provide clues on the mechanism of the stereoinversion.

Work in Dr. Palangpon Kongsaeree’s laboratory, in collaboration with Prof.
Vithaya Meevootisom, has shown that recombinant D-PhgAT can be expressed at a level
of 20% of total protein using pET-17b as expression vector in E. coli BL21 (DE3). The
enzyme was purified to 90% homogeneity on SDS-polyacrylamide gel electrophoresis
using ammonium sulfate fractionation, Phenyl-agarose chromatography, and DEAE-
cellulose chromatography. Initial studies of crystallization were performed at 10 mg/ml
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protein concentration, with variation of ammonium sulfate concentration, pH and
buffer.

Suitable conditions for crystallisation were found to be 30% saturated ammonium
sulfate, pH 5.8-6.0 in 200 mM phosphate buffer. Using these conditions with the hanging
drop method, crystals were seen in 5-7 days, and these grew to a size of 150-250 �m in 3-
4 weeks. In 35% ammonium sulfate, 200 mM phosphate buffer, pH 6.0, 100 mM NaCl,
these crystals were stable at 4�C for at least 1-2 months and at room temperature for at
least 1-2 weeks.

For data collection, crystals of native D-PhgAT in cryoprotectant (10-30%
glycerol) were frozen at 100 K. Since an X-ray diffractometer for macromolecules was
not available at Mahidol University at the time, crystals of native D-PhgAT were studied
at the National Synchrotron Light Source, Brookhaven, New York, U.S.A. The crystal
has trigonal symmetry with possible space groups being P3(1)21 or P3(2)21, with unit cell
parameters of a = b = 75.155 A, c = 147.559 A, � = � = 90�, � = 120� and V = 721792
A3. Each asymmetric should have 1 protein molecule, with solvent content of about
50%. With monochromatic X-ray of �= 0.97950 A, ADSC Quantum-4 CCD detector,
crystal and detector distance of 200 mm, oscillation angle of 0.5�, 750 frames, the crystals
could diffract to a resolution of 2.2 and 98.9% completeness.

The crystal structure of D-phenylglycine aminotransferase was determined by
using the modified X-ray crystal structure coordinates of glutamate-1-semialdehye
aminomutase (Protein Data Bank code: 2GSA) as a search model. Molecular replacement
was carried out using data from 8-4 Å resolution with a program CNS suite running on a
Linux operating system. The cross-rotation function search yielded a clear solution of 4�
with 1.7� higher than the next best solution. The subsequent PC-refinement and
translation function search established the correct space group to be P3121 with packing
coefficient of 0.54. The molecular replacement model showed an overall satisfactory
packing diagram. Preliminary inspection of experimental electron density map revealed a
continuous electron density in the core domain of the structure with unclear electron
density in some regions. After removing regions with missing electron density, the model
was subjected to 20 rounds of rigid-body refinement at 20-3.5 Å that yielded a slightly
decreased R-factor to about 52.5%. The model was further refined using simulated-
annealing refinement protocol at 5000 K with 25 K temperature decrease in each step
using data from 20-3.5 Å. As a result, the protein model was much improved and the
electron density was noticeably superior to the previous electron density maps. The
model was visually inspected on a graphics workstation with a model-editing program
and then was submitted for a simulated-annealing refinement. This protocol was
repeated many times between model inspection, model building and model refinement.
The current model was refined to 2.2 Å with R-factor of 24% (28% R-free). Two regions
are missing in the central polypeptide chains, and there are ten disordered residues near
the C-terminus.
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The disorder problem near the binding site of the current model of D-PhgAT at
2.4 Å has been investigated. One possibility was that the current structure was
determined in the space group P3121 with one molecule of D-PhgAT in the asymmetric
unit. In crystal structures of aminotransferases, the enzyme exists either as an asymmetric
or a symmetric homodimer. This raises the possibility that D-PhgAT could exist as an
asymmetric dimer, so that the real space group would be lower and the two-fold axis
would become a pseudo local two-fold axis. We then decided to pursue the investigation
of the crystal structure in the lower space group, P3(1) with two molecules of D-PhgAT
in the asymmetric unit.

The structure of D-PhgAT in the space group P31 has been re-investigated using
the model in the space group P3121 as a search model. The two expected solutions were
readily located. The electron density maps looked different and allowed the model to be
constructed in each monomer individually. After several rounds of model editing and
refinement, there are still some disordered residues. The pyridoxal cofactor binding sites
were located in the electron density maps (1��2Fo-Fc and 3� Fo-Fc) near the catalytic
lysine-269. In both monomers, there was some additional electron density clearly
observed. A closer look in this region suggested that the enzyme may have a pyridoxal
cofactor existing in the imine complex, covalently linked to the lysine-269. Model
building of the co-factor is in progress. Interestingly, the comparison with superimposed
models of related aminotransferases suggested that the mode of binding in D-PhgAT
may differ from others. The spatial arrangement and the conformation of the co-factor
may explain the regiospecificity and stereospecificity of the transamination in D-PhgAT.

Work on the two possible space groups progressed satisfactorily.  The current
model has over 90% of the structure.  The active site region is still not finished as the
data showed some degrees of disorder in the crystal structure. So we are trying to collect
better resolution data from newly prepared crystals, as well as initiating study of the
complex. Much effort has been made to improve the resolution limit of the native crystal
by growing large crystals and analyzing the freshly-prepared crystals on a newly installed
rotating-anode generator equipped with an imaging-plate area detector R-AXIS IV++ at
the Center for Protein Structure and Function. The best resolution obtained was about
2.0-2.1 Å, slightly higher than the original synchrotron data set. The higher resolution
will be useful to help us understand the enzymatic mechanism.
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In order to study the detailed mechanism of the D-PhgAT, the structure of D-
PhgAT complexed with its inhibitor was started. The native crystal of D-PhgAT and
PLP complex was soaked in a stabilizing solution containing different concentrations of
gabaculine, an aminotransferase inhibitor, at various times. The soaked crystal was then
transferred sequentially to a stabilizing solution containing 20-30% glycerol as a
cryoprotectant before mounting in a nylon loop and flash-freezing under a cryogenic
nitrogen stream at –160 �C. The soaked crystal did not diffract X-rays as well as the
native crystal with only visually observed reflections to about 3.3-3.5 Å resolution. We
expect that the resolution limit of the derivatized crystals can be improved to better than
2.8 Å, in order to see the mode of binding in the active site of the D-PhgAT enzyme.
The preliminary X-ray crystallographic analysis of the gabaculine-soaked crystal revealed
similar unit cell parameters with those of the native enzyme. At this stage, the presence
of the inhibitor in the enzyme cannot yet be confirmed. The structure determination of
the complex crystal will be carried out by difference Fourier synthesis in comparison to
the native enzyme.

3. Flavin-Containing Oxygenase Enzymes

Dr. Pimchai Chaiyen’s laboratory focuses on studying the mechanistic
enzymology of some selected oxygenase enzymes, especially those having flavins as a
cofactor. Flavoprotein oxygenases are present in all aerobic organisms and crucial for the
endogenous metabolic pathways, as well as participating in the degradation of xenobiotic
compounds. Many aromatic compounds in soil are degraded by these flavoprotein
oxygenases, so these enzymes may be useful for environmental remediation. Two
enzymes involved in degradation of aromatic compounds are being studied.

Figure 13: Ribbon Diagram of D-Phenylglycine aminotransferase
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3.1   2-Methyl-3-hydroxypyridine-5-carboxylic acid (MHPC) oxygenase

2-Methyl-3-hydroxypyridine-5-carboxylic acid (MHPC) oxygenase (MHPCO) is a 
flavoprotein catalyzing the oxygenation of a substrate MHPC to �-(N-
acetylaminomethylene) succinic acid.  In our study, the mechanism of the reaction was 
investigated by replacing the natural cofactor FAD with FAD-analogues.  FAD-
analogues employed were those with various substituents at the 8-position of the flavin 
ring system.  Substituents with electron withdrawing effects were 8-Cl- / 8-CN- groups 
and substituents with electron donating effects were 8-NH2- / 8-CH3-O- groups.  
Natural FAD was removed from the native holoenzyme, and the resulting apoenzyme 
was reconstituted with FAD-analogues.  The thermodynamic and catalytic properties of 
the reconstituted enzymes were investigated and found to be similar to the native one.   
A substrate (MHPC) bound to the reconstituted enzyme less tightly than to native 
enzyme. Dissociation constants for binding of substrate analogue (5HN) and the 
reconstituted enzymes vary in the range of 1-20 μM and these values indicate that the 
reconstituted enzymes still bind well with ligands.  All of the reconstituted enzymes have 
hydroxylation efficiency higher than 85 %, with the 8-Cl- / 8-CN- MHPCO having 
higher hydroxylation efficiency than 8-NH2 / 8-CH3O- MHPCO.  Redox potential 
values of the reconstituted enzymes were measured, and found to be more positive than 
the values of free FAD-analogues. These values also correlate well with the electronic 
effects of 8-substituents. The electronegativity of 8-substituents also affected the stability 
of anionic semiquinone during the enzyme reduction.

The pre-steady state kinetics of MHPCO was investigated using stopped-flow 
spectrophotometry. Results have shown that the rate of the hydroxylation was 2.0, 1.5, 
1.3, and 0.9 s-1 for MHPCO reconstituted with 8-CN, 8-Cl, 8-OCH3, 8-CH3 -FAD 
respectively. We have tested to see if MHPCO uses the electrophilic aromatic 
substitution mechanism, by correlating the rate of the hydroxylation step with the 
stability or the ability to stabilize the negative charge of FADHO-, the flavin leaving 
group if FADHOOH was the electrophile. The calculated values of pKa of FADHOH, 
the HOMO of FADHO- which represents another method of estimating pKa of 
FADHOH, and the difference in heat of formation of FADHO- and FADHOOH were 
used as the values to represent the relative stability of the FADHO- leaving group. The 
result showed that the better stability of FADHO-, the better rate of hydroxylation.

In summary, correlation between the rate constant and electronic effect has 
shown that in the reductive half-reaction of MHPCO, the rates of flavin reduction by 
NADH could be described as a parabolic relationship with the redox potential values of 
the reconstituted enzymes, which is consistent with the Marcus electron transfer theory. 
Studies of the oxidative half-reaction of MHPCO revealed that the oxygenation reaction 
of MHPCO occurs via an electrophilic aromatic substitution mechanism analogous to 
the mechanisms for parahydroxybenzoate and phenol hydroxylases.
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3.2  p-Hydroxyphenylacetate hydroxylase  (HPAH)

p-Hydroxyphenylacetate (HPA) hydroxylase (HPAH) was purified from
Acinetobacter baumannii and shown to be a two-protein component enzyme. The small
component (C1) is the reductase enzyme with a subunit molecular weight of 32 kDa. C1

alone catalyzes the HPA-stimulated NADH oxidation without hydroxylation of HPA. C1

is a flavoprotein with FMN as a native cofactor but can also bind to FAD. The large
component (C2) is the hydroxylase component that hydroxylates HPA in the presence of
C1. C2 is a tetrameric enzyme with a subunit molecular weight of 50 kDa and apparently
contains no redox center. FMN, FAD, or riboflavin could be used as coenzyme for
hydroxylase activity with FMN showing the highest activity. Our data demonstrated that
C2 alone was capable of utilizing reduced FMN to form the product 3,4-
dihydroxyphenyl-acetate. Mixing reduced flavin with C2 also resulted in the formation of
a flavin intermediate, that resembled a C(4a)-substituted flavin species indicating that the
reaction mechanism of the enzyme proceeded via C(4a)-substituted flavin intermediates.
Based on the available evidence, we conclude that the reaction mechanism of HPAH
from Acinetobacter baumannii is similar to that of bacterial luciferase. The enzyme uses a
luciferase-like mechanism and reduced flavin (FMNH2, FADH2, or reduced riboflavin) to
catalyze the hydroxylation of aromatic compounds, which are usually catalyzed by FAD-
associated aromatic hydroxylases.

The N-terminal sequences for each enzyme component were successfully
determined. Although the data obtained from the initial enzyme preparation showed a
mixed sequence, the problem was shown to be due to proteolytic cleavage. Acinetobacter
baumannii appeared to have a high level of proteases that could digest the N-terminal part
of C1 and C2 protein. With a low concentration of protease inhibitors included, as in the
initial enzyme preparation procedure, the preparation yielded the enzyme with some
partial cleavage by protease, causing a mixed sequence when analyzed by Edman
degradation. With the new improved enzyme preparation method, the N-terminal
sequences of C1 and C2 could be determined by Edman degradation, yielding a 40 residue
sequence for C2 and 26 residue sequence for C1.  Amino acid residues 1-34 of C2 were
used to design degenerate primers for use in PCR with the genomic DNA of A.
baumannii as a template. A 102 bp product was obtained from the PCR and the
nucleotide sequence of this PCR product was shown to correspond to the N-terminal
sequence of C2 enzyme. This 102 bp sequence will be used as a nucleotide probe to
screen the A. baumannii library for the gene corresponding to enzyme C2.

The N-terminal sequences of C2 and C1 were also used to design the degenerate
primers to amplify part of the gene coding for C2 and C1. Using this approach, we were
able to conclude that C2 gene was located upstream of C1 gene. The sequence obtained
from such PCR product was used to design another nucleotide probe to screen for C1

gene. Results have shown that we have obtained full-length of the genes for both C2 and
C1 by using library screening method and two of nucleotide probes. Sequence analysis
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has shown that the unique broad flavin specificity of C2 is paralleled by the lack of
homology to oxygenases in the same class with specificity for reduced FAD. Although C1

presumably has a domain for binding flavin and NADH, similar to other reductases of
the same class, it also contains an extra unique C-terminal half, which may be responsible
for HPA-stimulation of NADH oxidation.

We have expressed both C1 and C2 genes in an E. coli system. Results have shown 
that most of the enzyme was expressed in the soluble form. Protein purification process 
was carried out and yielded the purified C1 (about 150 mg) and the purified C2 (about 100 
mg) from 3.6 L cell culture. We have characterized steady-state kinetic properties of the 
purified recombinant HPAH and compared these properties to the native enzyme. 
Results have shown that the recombinant enzymes have similar Km and kcat values when 
compared to the native one. We have investigated the binding of FMN to C1 by using 
static titration and pre-steady state kinetics. The Kd for binding of FMN to C1 was 
determined to be 0.02 �M, and results from stopped-flow spectrophotometry has 
indicated that kon = 1.7 x 105 M-1s-1 and koff = 0.014 s-1.

We investigated the ability of C2 to use various reduced flavins for hydroxylation
by measuring the amount of the product 3,4-dihydroxyphenylacetate (DHPA) formed
when different limited amounts of reduced FMN, FAD, and riboflavin were provided to
C2. A solution containing HPA and various concentrations of flavin was placed in the
main body of an anaerobic cuvette and the recombinant C2 was placed in the side arm.
The cuvette was made anaerobic and the flavin was then photo-reduced by exposing the
cuvette to high-intensity visible light. C2 in the side arm was then mixed with the reduced
flavin and the inlet was opened to admit air. The solution in the cuvette was analyzed for
DHPA by using the HPLC method. Results showed that the amount of DHPA formed
was directly dependent on the amount of reduced FMN, FAD and riboflavin provided,
indicating the use of these flavins by C2. This also indicated that reduced FMN and FAD
interacted with C2 equally well since DHPA was produced in about 80% of reduced
FMN and FAD provided while reduced riboflavin served as a substrate for C2 in lesser
extent. This result is consistent with our previous observation in native enzyme that all of
reduced FMN, FAD, and riboflavin were used by C2 to hydroxylate HPA (Chaiyen, et al.,
2001). To our knowledge, C2 is the only oxygenase component of the enzyme in the class
of two-protein component aromatic hydroxylase capable of using three forms of flavin
for hydroxylation. Previous studies have shown that the oxygenase components of
HPAH from E. coli, of phenol hydroxylase from B. thermoglucosias A7, and of
chlorphenol-4-monooxygenase from B. cepacia AC1100 specifically used reduced FAD
for hydroxylation reaction.

In conclusion, HPAH from A. baumannii represents a novel prototype of enzyme
in the class of two-protein component aromatic hydroxylases. The expression of C1 and
C2 in E. coli system allows the enzymes to be obtained in reasonable amount for the
future investigation on enzyme structure and function.
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4. Design of Chemical Proteinases

Reagents that can specifically cleave the protein backbone (chemical proteases)
can be useful in chemistry and biology. Chemical proteases can be useful for
manipulation of proteins, for example, for structure-activity studies of proteins and their
structural domains, for study of ligand-biomolecule interactions, for design of new
therapeutic agents, and for converting large proteins into smaller fragments amenable for
sequencing.  Light has been proposed as a reagent for protein cleavage reactions, since it
has advantages over thermal reactions, namely: 1) photoreactions provide a sharp control
for initiation and termination of the reaction; 2) specific chromophores can be selectively
activated by controlling the wavelength of excitation, minimizing side reactions; 3) visible
light is one of the least toxic reagents; and 4) one less reagent needs to be removed, since
light is dissipated during the reaction.

Site specific photocleavage of proteins with high efficiency, using probes based
on a pyrenyl chromophore coupled to natural amino acids, or short peptides, has been
achieved. Molecular modeling studies using the X-ray crystal structure of lysozyme
suggested that the environment of the cleavage site is quite hydrophobic with some ionic
residues located near the binding site. Salt bridge formation between the probe site chain
and charge residues in the protein was proposed to be the binding mechanism. Such
binding interaction is expected to have a strong influence on the binding selectivity and
possibly on the cleavage properties. The role of the ionic group of the probe side chain
on the binding properties and protein photocleavage is examined in Apinya
Buranaprapuk’s laboratory. Two new bifunctional pyrenyl probes, L-phenylalanine-4(1-
pyrenyl)butyramine chloride (Phe-L-Py) and L-phenylalanine-4(1-pyrenyl)methyramine
chloride (PMA-L-Phe) (Figure 14), have been synthesized and used to test this
hypothesis. 

Figure 14: Structures of L-phenylalanine-4(1-pyrenyl)butyramine chloride (Phe-
Py) and L-phenylalanine-4(1-pyrenyl)methyramine chloride (PMA-Phe)
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4.1 Synthesis of new bifunctional pyrenyl probes

Synthesis of L-phenylalanine-4(1-pyrenyl)butyramine chloride (Phe-L-Py) was
performed by dissolving 4(1-pyrenyl)butyramine chloride (PBAC) and N-t-Boc-L-
phenylalanine (excess) in 50% acetonitrile/THF, 5% sodium bicarbonate.
Dicyclohexylcarbodiimide (DCC) was then added into the solution, and the solution was
stirred at room temperature for 1.15 hr. Water was added to stop the reaction. Then, the
product was extracted with methylene chloride (CH2Cl2). Methylene chloride layer was
separated and washed with 5% sodium bicarbonate and water twice. The purification was
achieved by using column chromatography (silica gel). The N-t-Boc group of N-t-Boc-
Phe-Py was removed by stirring N-t-Boc-Phe-Py in 50% TFA/ CH2Cl2, 5%
triisopropylsilane for 10 minutes. All solvents were evaporated to dryness. The product is
light yellow in color with the yield of 90%.

Synthesis of L-phenylalanine-4(1-pyrenyl)methyramine chloride (PMA-L-Phe)
was performed in the same direction, but 4(1-pyrenyl)methyramine chloride (PMAC) was
used instead of PBAC. The products have light yellow color with the yield of ~90%.

The structures of these two pyrenyl probes were confirmed by UV, Fluorescence
and NMR spectroscopy. UV spectra of Phe-L-Py and PMA-L-Phe show highest peak (in
the range of 300-400 nm) at 344 nm. Both pyrenyl probes have emission spectrum at �max

= 378 nm. 1H NMR for Phe-L-Py (400 MHz, d6-acetone): 8.0-8.4 ppm (9H), 7.3 ppm
(1H), 7.1-7.2 ppm (5H), 4.0 ppm (1H), 3.2-3.5 ppm (6H) 2.8 ppm (2H), 2.7 ppm (2H).
1H NMR for PMA-L-Phe (400 MHz, CDCl3): 7.9-8.3 ppm (9H), 7.2-7.3 ppm (5H), 5.2
ppm (2H), 4.0 ppm (1H), 3.7 ppm (1H), 3.3-3.4 ppm (2H), 2.1 ppm (2H).

4.2 Binding studies with proteins

4.2.1 With L-phenylalanine-4(1-pyrenyl)methyramine chloride (PMA-L-Phe)

Addition of lysozyme (0-10 μM) to a solution of PMA-L-Phe (2 μM)
results in a small hypochromism (1.1% at 342 nm). The absorption peak
positions are unchanged. In contrast, the binding of PMA-L-Phe to BSA results
in red shifts of its absorption peak positions with isosbestic points at 338, 342.5
nm, and hyperchromism. The red shift of the absorption spectra suggests a
hydrophobic environment surrounding the pyrenyl chromophore in BSA, and
the hypochromism is attributed to partial stacking of the aromatic residues of the
protein with that of the aromatic pyrenyl chromophore. Analysis of the
absorption spectra data indicates a binding constant of 3.3±0.3x105 M-1 for
PMA-L-Phe/lysozyme, and 7.8±0.2x105 M-1 for PMA-L-Phe/BSA.

The fluorescence spectra of PMA-L-Phe (0.7 μM) recorded in the
presence of increasing lysozyme concentrations (0, 2, 4, 6, 8, 10 μM) indicate
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weak quenching of the pyrenyl fluorescence by the protein. In contrast, the
fluorescence intensity of PMA-L-Phe (0.7 μM) is dramatically enhanced by the
addition of BSA (0-10 μM, excitation at 343 nm) with 1 nm-red shift.

The CD spectra of PMA-L-Phe, in the absence and in the presence of the
proteins are examined. The spectra are expected to be sensitive to the chiral
environment of the probes. However, the CD spectrum of PMA-L-Phe (30 μM),
in the presence of BSA (50 μM) or lysozyme (50 μM), is nearly unchanged. Only
a slight increase in the peak intensity is observed.

4.2.2  With L-phenylalanine-4(1-pyrenyl)butyramine chloride (Phe-L-Py)

The Phe-L-Py absorption spectrum shows self dimerization at
concentrations above 2 μM. The absorption spectrum of Phe-L-Py (0.7 μM) is
red shifted in the presence of BSA resulting in an isosbestic point at 344 nm and
hyperchromism as observed with PMA-L-Phe. Only hypochromism is observed
when Phe-L-Py is bound to lysozyme. The fluorescence spectra of Phe-L-Py (0.7
μM) is dramatically enhanced by the addition of BSA (0-10 μM, excitation at 344
nm). The fluorescence spectrum of Phe-L-Py at higher concentration (6 μM)
shows excimer formation of the probe centered at ~480 nm. Further binding
studies of Phe-L-Py has not been performed due to the subtle spectroscopic data.

4.3 Fluorescence quenching studies:

Quenching of the fluorescence intensity of the free and bound probes by Cobalt
(III) hexammine chloride (CoHA) (0-1 mM)  has been carried out to examine the access
of the pyrenyl chromophore to the aqueous solution.  Quenching constants can be
calculated using the Stern-Volmer equation: (Io/I = 1+Ksv [Q]). The fluorescence
quenching of PMA-L-Phe (2 μM) by CoHA, recorded in the absence and presence of
BSA or lysozyme (10 μM), indicates almost the same quenching constant of 1.05 x 103
M-1.

4.4 Photochemical protein cleavage

The new probe, L-phenylalanine-4(1-pyrenyl)methyramine chloride (PMA-L-Phe)
carrying a free amino terminus photocleaves lysozyme with high efficiency and specificity,
while the cleavage of BSA seems to be negligible.

The mixture of protein (15 μM), PMA-L-Phe (15 μM) and Co(NH3)6Cl3 (CoHA, 1
mM) was irradiated at 342 nm (at the pyrenyl absorption band) using a 150 W xenon lamp
attached to a PTI model A1010 monochromator (provided by Dr. C. V. Kumar,
University of Connecticut).  UV cut-off filter (WG-345) was used to remove stray UV
light. The irradiation time was varied from 0 to 30 minutes, and the cleavage of proteins
was visualized in gel electrophoresis experiments (SDS-PAGE; 12% gel for lysozyme and
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8% gel for BSA). Dark control samples were prepared under the same conditions, as
described above, except that the solutions were protected from light.

Lysozyme is efficiently cleaved by PMA-L-Phe with specificity and high efficiency
(57% yield), as shown in Figure 15. Photocleavage of lysozyme results in at least two new
fragments of molecular weights 11,000 and 3,000 (lanes 3, 4, and 5). No products are
produced in the absence of light (lane 2), or CoHA (lane 6) or PMA-Phe (data not
shown).  The probe, CoHA, and light, therefore, are essential for the protein
photocleavage.

Photocleavage of BSA by PMA-L-Phe results in two fragments (Mol. Wt. ~40,000
and ~28,000 (data not shown), but the photocleavage yields of the fragments obtained
from PMA-L-Phe/BSA are quite low (less than 10%). Therefore, these results show
dependency of the ionic group at the probe site chain on the cleavage efficiency and
specificity.

The cleavage of both BSA and lysozyme seems to be negligible when Phe-L-Py is
used for the photoreaction instead of PMA-L-Phe.

Figure 15: SDS-PAGE of lysozyme. Lane 1: M.W. protein makers; Lanes 2-5:
lysozyme (15 μM), PMA-L-Phe (15 μM) and CoHA (1 mM). Lane 2 is the dark control
while samples in lanes 3-5 were exposed to 342 nm radiation (10, 20, and 30 minutes,
respectively). Lane 6 contained lysozyme and PMA-L-Phe (irradiated at 342 nm for 30
minutes).

4.5 Western blot transfer and amino acid sequencing of cleaved fragments

The separated protein fragments on 12% SDS-polyacrylamide gel were
transferred to PVDF membrane with a current of 60 mA for 1.5 hours using the semi-
dry system (BIORAD) using CAPS buffer, pH 10.5. The transferred protein fragments
on PVDF membrane were stained with Coomassie brilliant blue (0.1% Coomassie
brilliant blue R-250 in 40% methanol and 1% acetic acid). The desired bands were cut
and sent for N-terminal amino acid composition analysis (Midwest Analytical, Inc., MO,
USA).

N-terminal sequencing of the 11 kDa fragment indicated the residues KVFGR,
the five N-terminal residues of lysozyme, so these residues have not been altered by the

  1      2        3       4        5       6
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cleavage chemistry.  The newly formed N-terminus of the 3 kDa fragment was amenable
to the sequencing chemistry, and it indicated the residues VAWRN, where the Trp was
modified in some way with an altered retention time.  The observed modification of the
Trp residue provides additional evidence that the probe binds in this region of the
protein, and induces protein cleavage at an adjacent site.  The sequencing data indicated
that the 11 kDa band was from the N-terminus of lysozyme, and that the 3 kDa band has
been identified as the C-terminal fragment. KVFG). In addition, the 3 kDa band also
indicated a minor product (<5%) with the N-terminal residues KVFGR. The result
indicated another minor cleavage site, but there was no indication of similar product in
the 11 kDa band.  This observed cleavage site with PMA-L-Phe (Trp108-Val109) is
identical to that reported for Py-L-Phe (the probe carrying a free carboxyl terminus), and
the structural changes introduced in PMA-L-Phe did not make a significant impact on
the location of the cleavage site. These results clearly show that the cleavage of lysozyme
is not site-specific but showed a high selectivity.   This loss of specificity, but enhanced
cleavage yield, clearly indicates the strong role of the side chain in the protein
photocleavage.  While the details of this role are yet to be established, the improved
photocleavage yields will be of practical importance. The comparison of photocleavage
yield is shown in Table 8.

   H2N-LysValPheGlyArg ….AlaTrp (108) – Val (109)Ala(Trp)ArgAsn….COOH

Figure 16: Cleavage pattern of lysozyme from the reaction with PMA-L-Phe.

Table 8:  %Photocleavage yield of BSA and lysozyme.

Probe Protein Time of irradiation
(min)

%Yield

Py-L-Phe

PMA-L-Phe

Phe-L-Py

BSA
Lysozyme
BSA
Lysozyme
BSA
Lysozyme

20
10
20
10
20
10

21
35
<10
57
  -
  -

5. Isolation and Characterization of a Sericin-specific Protease for
Use in Degumming of Silk

Silk consists mainly of fibroin, the silk fibers, and sericin, the gummy proteins
holding the fibers together.  Sericin causes hardness of silk-fiber texture and difficulty in
the dyeing of silk.  Therefore, it is necessary to remove sericin using the process called
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silk degumming.  Degumming of silk traditionally requires alkaline solutions and
consumes much water and energy.  In addition, quality control of the process is difficult,
depending largely on the skills of the workers.  A prolonged process increases the
possibility of fibroin being damaged although it can remove more sericin.  Dr.
Pramvadee Y. Wongsaengchantra is trying to isolate a protease that would specifically
digest sericin, without digesting fibroin.  This protease may form the basis of an
alternative degumming of Thai silk using milder, less destructive conditions than the
traditional one.

5.1 Soil enrichment and selection of bacteria

According to ecophysiological enrichment, we have used soil and wastewater
from various places especially in the area of silk industry as the sources of
microorganisms to be screened.  To confine to the bacteria that can initiate the
degradation of silk proteins at 37�C and pH 7, cycloheximide was used in our selective
medium, of which small pieces of silk cocoon or raw silk (un-degummed silk thread)
serve as a sole carbon and nitrogen source.  In addition, successive subcultures were
performed whenever changes in appearance of silk cocoon or raw silk were observed.
The silk cocoon was changed from square pieces (or from hard threads if raw silk was
used) into loose fibers and finally densely packed spherical forms, which were probably
due to the effect of rotary shaker.  Several batches of enrichment indicated significant
changes in silk cocoon appearance even the last (9th) subculture (Figure 17, 18).  From
these mixed cultures, pure cultures have been isolated on the agar medium supplemented
with 0.3 % skimmed milk as the sole carbon and nitrogen source.  It was possible to
differentiate different colony morphologies and the general activity of extracellular
protease among the isolates.  In summary, enrichment with consecutive subcultures was
used as a strategy in primary screening of our screening program.

In secondary screening, individual cultures have been investigated using different
approaches.  One approach is cultivation of individual cultures in the same conditions as
those of enrichment cultures to select whether they can cause a significant change in silk
cocoon appearance.  For example, pure bacterial strains KC001-009 showed different
degrees in the ability to alter the appearance of silk cocoon.  The order of the most
effective strain to the least effective strain is KC007, 009, 008, 003, 004, 005, 006, 001,
and 002, respectively.  This result was observed in comparison with a control, within 4 to
6 days of cultivation to the end of experiment, which was 30 days (Figure  19).
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Figure 17: Cocoon or raw silk buried in soil GR, H1C, and MR for 3
months (Dec 2003 – Feb 2004).

Figure 18: Appearance of 0.5x0.5 cm-whole shell of silk cocoon, after
incubation at pH7, 37�C for 7 days in the 4th enrichment culture derived
from the 3rd subculture of original H1C soil and its control (without
inoculation)

Control KC003 KC007 KC008

Figure 19:  Appearance of 0.5x0.5 cm-whole shell of silk cocoon after
incubation at pH7, 37�C for 30 days without inoculation (control) and with
KC003 or KC007, or KC008 inoculation.

5.2 Testing cell-free cultures of individual isolates for digestability

For another approach in secondary screening, individual cell-free supernatants
(CFS) from cultures have been tested for protease activity at various cultivation times by
using radial diffusion in agar assay (RD).  It was possible to explore the digestability on 3
different substrates (sericin, fibroin, and skimmed milk) in such assay, since we have
optimized conditions for extraction of sericin, and dissolution of fibroin.  These

GR H1C MR

H1CControl
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preparations provide a soluble form of either sericin or fibroin, which is more vulnerable
to enzymatic degradation than the native or solid form.  However, they are easier to be
prepared in a homogeneous manner.  A result of digestability on 3 different substrates
(sericin, fibroin, and skim milk) evaluated by RD assay is showed in the following table.
The digestability value (DV) is defined as the diameter of clear zone divided by the
diameter of well, and 1DV means no digestability under the conditions evaluated.  In
addition both LC_1_1 and LC_1_6 could also cause a significant change in raw silk
appearance, in which LC_1_6 made the raw silk whiter than LC_1_1.  These results help
to define the optimal cultivation time for protease production under the conditions used.

Table 9: Digestabilty of sericin, fibroin or skimmed milk by cell-free culture
supernatants of bacteria

Digestability value on
CFS

sericin fibroin skim milk
9-day old LC_1_1 (with raw silk in culture) 3.7 3.3 1
9-day old LC_1_1 1 1 2.5
9-day old LC_1_6  (with raw silk in culture) 3.3 1.3 1
9-day old LC_1_6 2 1 2.1

5.3 Production, purification, and characterization of extracellular protease

In our secondary screening for a bacterial protease with preference for sericin
from our culture collection, we have applied radial diffusion (RD) in agar gel plus thin-
layer enzyme assay (TEA) technique. In this technique, enzyme produced by bacteria can
diffuse through agar medium and then hydrolyze the coated protein at the bottom
revealing the hydrophobic surface of polystyrene petri dish.  The hydrophobic surface
can be visualized by removal of agar and condensation of water vapor.  According to
Wikstrom, we can apply sericin or fibroin coated on the surface of polystyrene petri dish
to serve as substrate while a solid-culture medium is placed on the top layer.  A standard
procedure was optimized for preparation of such plates, that includes the amount and
the age of master culture, and incubation time.  This procedure was focused to make sure
that our method is reproducible.

Pure cultures, GR_4_4, MR_4_2, and MR_4_3, did not show a significant
change in silk cocoon appearance.  However, different media showed different results for
the same bacterial strain examined.  We found conditions that GR_4_4, MR_4_2, and
MR_4_3 showed their clear zones on sericin coated plate but not on fibroin coated plate.
In addition, a mix culture of GR_4_4 mutants (in the same medium used in the RD plus
TEA assay) showed a significant change in the appearance of silk cocoon.  This mutant
will be isolated.  Although KC007 could alter the appearance of silk cocoon, its cell-free
culture showed minute amount of its digestability on casein in the RD assay (2 days for
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the small clear zone appearance).  This unexpected result was possibly due to the
improper sampling time, small amount and unstableness of enzyme, as well as its
substrate preference.  Upon changing media in the RD plus TEA, KC007 showed a clear
zone on sericin coated plate but not on fibroin coated plate.

In addition, during optimization of the RD plus TEA for our screening, we
found that Alcalase�, a commercial protease, could hydrolyze fibroin better than sericin
under the condition examined.  This condition showed sharp clear zones resulting from
Alcalase� treatment.  The area of the clear zone on the sericin coated surface (3 cm in
diameter including well diameter) was less than that on the fibroin coated surface (4 cm
in diameter including well diameter) when the same amount of Alcalase� was used for
treatment (Figure 20).

Figure 20:  The enzyme-affected surfaces visualized by condensation of water vapor
after agar removal.  The surface of polystyrene Petri dish was coated with sericin or
fibroin.  Each petri dish was tested with 5.8 mU of Alcalase� per well (10 �l) at pH 7.0,
37�C, 24 hrs.

From the results of secondary screening, we will further characterize the
proteases to confirm this digestability using a zymogram assay, with the procedure which
has been modified for our application.  The zymogram can be used for purification of
small amount of interesting enzyme for further N-terminal amino acid sequencing and
then cloning.

When 3 approaches of secondary screening of our screening program are
compared, the benefit of this RD plus TEA technique over the observation of significant
changes in raw silk appearance (as in the enrichment technique) or the RD assay alone is
its high throughput in screening.  This benefit is considered under the basis of the
following factors.  Firstly, testing the substrate preference of the protease is independent,
but continuous from its production.  Secondly, the sericin or fibroin homogeneously
coated on the surface of polystyrene petri dish is likely to have a structure more closely
similar to that of raw silk thread.  Finally, smaller amounts of substrate are needed in this
technique.  Therefore, by varying culture media, we can also use this technique for

Sericin-coated surface          Fibroin-coated surface
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preliminary optimization (e.g. selection of a suitable media) for bacterial growth and
protease production.

In parallel to the optimization, the gene encoding for the extracellular proteases
from the isolates will be cloned (as mentioned above) to allow production of the protein
in quantity.  Purification and characterization of the protease(s) will be attempted.  This
will lead to optimization of conditions and formulation of the enzymes for effective
usage in silk-degumming process.

6. Protein Changes In Human Disease

Prof. Jisnuson Svasti’s laboratory at the Chulabhorn Research Institute, together
with Dr. Chantragan Srisomsap, Dr. Rudee Surarit, and Dr. James Ketudat-Cairns, is
interested in study of protein changes in various human diseases. This is because many
diseases result from abnormalities in protein structure or expression, and study of the
relationship between the functional or physiological abnormality with the nature of the
amino acid interchange can provide insight into structure-function relationships in
proteins. Current areas of interest are the abnormal hemoglobins, inborn errors of
metabolism and protein changes in cancer.  Although many studies have been performed
in these areas elsewhere in the world, studies in Thailand are still rather limited. Our
studies provide information on the defects occurring in the Thai population, and offer
medical practitioners the opportunity of collaborating to study diseases of their interest at
the molecular level.

6.1. Characterization of Abnormal Hemoglobins Found In Thailand

Our present studies seek to characterize new abnormal Hb not previously found
in Thailand, through cooperation with Professor Suthat Fucharoen at the Thalassemia
Research Center, Institute of Science and Technology, Mahidol University.  These
studies are done at both the protein level using tryptic peptide mapping of abnormal
chain by HPLC, amino acid analysis, and automated peptide sequencing, and at the DNA
level, by amplification of globin genes from leukocytes, followed by automated DNA
sequencing. Moreover, since Thailand has high incidence of Hb E [�26 Glu-Lys], �-
thalassemia and �-thalassemia, abnormal Hb can often be found in compound
heterozygosity with these conditions in Thailand unlike in most countries, so that the
effect of such associations on the hematological and clinical profile is of interest.

6.1.1 Hb Kodaira ��146 (HC3) His�Gln (CAC�CAA)]

Hb Kodaira ��146 (HC3) His�Gln (CAC�CAA)], was characterised for the
first time in Thailand.  This Hb variant shows increased oxygen affinity and was first
described in a Japanese male in 1992. Recently, while our study was in progress, a second
report described the same phenotypic variant Hb Kodaira II, but with a different
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nucleotide change (CAC�CAG) at codon 146 of the �	globin gene. We have now
found the first case of Hb Kodaira II in Thailand, in a 31-year old healthy Thai female
(S.P), who came for a routine check up.  She had the following hematological profile at
the steady state: Hb 14.7 g/dL (normal13.8+0.7); Hct 47% (normal 42.5+1.7); MCV 94
fL (normal 92.5+3.7); MCH 29 pg (normal 30.6+1.9); MCHC 31 g/dL (normal
32.6+0.9); RBC 5.07 x109/L (normal 4.5
0.3).  Analysis of the blood sample by
automated high performance HPLC (VariantTM System; Bio-Rad Laboratories, Hercules,
CA, USA) revealed an abnormal Hb present at a level of 45.4%, eluted earlier than Hb A,
with Hb F and Hb A2 being in the normal range. The abnormal Hb could not be
separated from Hb A by cellulose acetate electrophoresis, pH 8.6. However, the
abnormal �-globin chain migrated slightly slowly toward the cathode than normal �-
globin chain on cellulose acetate electrophoresis in acid-urea-mercaptoethanol, at pH 6.5.
In addition, the abnormal Hb had slightly lower pI than Hb A on isoelectric focusing
(IEF; pH range 6-8).

The characterization of the variant was performed at the protein and DNA level. 
Since denaturing cellulose acetate electrophoresis at pH 6.5 separated the �-globin 
chains, the abnormal Hb was purified by CM-cellulose (CM-52, Whatman Co.) 
chromatography in 0.03 Bis-Tris HCl, pH 6.1 with an NaCl gradient. The abnormal Hb 
was eluted out early, completely separated from Hb A. Globin chains, prepared by the 
acid-acetone method were separated by reversed phase HPLC (Vydac C4) to yield 
abnormal��	chain and normal ���chain. The �Kodaira II-chain and normal �A-chain were 
compared by tryptic peptide mapping on an HPLC (510, Waters, Milford, MA, USA) 
using a C18 column (Aquapore OD-300, 7 micron, 250 x 4.6 mm; Applied Biosystems, 
Foster City, CA, USA) in an ammonium acetate buffer, pH 5.7, and acetonitrile. Peptide 
maps were similar except that peptide �Kodaira II-T15 (6.13 min) was eluted out faster than 
peptide �A-T15 (10.13 min).  Peptide �Kodaira II-T15 gave the sequence Tyr-Gln on a 
protein sequencer (ABI 473A; Applied Biosystems), confirming the mutation ��146 
(HC3) His�Gln].

Since the amino acid substitution [�146 (HC3) His�Gln] has been described 
both as a CAC�CAA mutation in Hb Kodaira and as a CAC�CAG mutation in Hb 
Kodaira II,  DNA analysis  was also performed. Genomic DNA was extracted from 
white blood cells of the proband by phenol-chloroform extraction. The whole �-globin 
gene was amplified using the primers 5'-CCTAAGCCAGTGCCAGAAG-3' and 5'-
AACTGAGTGGAGTCAAGGCT-3'. PCR products were purified by using QIAquickTM

Gel Extraction Kit (Qiagen Inc., Valencia, CA, USA). Direct DNA sequencing on an 
ABI 310 Prism DNA sequencer (Applied Biosystems) demonstrated that the �146 codon 
in the proband was heterozygous for the normal CAC (His) and the abnormal CAG 
(Gln) sequence. This indicates that the proband was heterozygous for Hb Kodaira II, as 
found recently by So et al.



64

    Hb Kodaira has a slightly lower P50 than Hb A and a significantly decreased Bohr 
effect, since the imidazole group of the C-terminal histidine in �-globin chain normally 
forms an internal salt-link with the carboxylate of �94 Asp. In this case, increased oxygen 
affinity did not lead to erythrocytosis, since the patient had renal failure and was anemic 
(Hb = 7.9 g/dL).  However, in the second case, Hb Kodaira II, the patient was reported 
to have mild polycythemia, and also had slightly elevated Hb F (1.6%), which was 
presumed to be related to pregnancy.  The proband, described here as Hb Kodaira II, 
also showed mildly elevated RBC and Hb level, but was otherwise in normal health.

 The present studies confirm that the Hb Kodaira ��146 (HC3) His�Gln] 
phenotype can result from two mutations, namely CAC�CAA in Hb Kodaira and 
CAC�CAG in Hb Kodaira II.  All three cases described were found in Asians, but the 
evolutionary origin of these cases has not been investigated.  The mutation is not 
detectable by the traditional technique of electrophoresis at alkaline pH, where the 
imidazole group of His146 is expected to be uncharged.  However, it is possible, that 
with improved techniques of detection by HPLC and IEF, Hb Kodaira may be found in 
non-Asiatic populations.

6.1.2 Hb Hekinan [�(27); Glu-Asp] with��	Thalassemia

In this phase, two cases of compound heterozygosity for Hb Hekinan [�(27);
Glu-Asp] and �	thalassemia were characterised.  This electrophoretically silent
hemoglobin (Hb) variant, Hb Hekinan (�27; Glu�Asp) was first observed in 46-year-
old Japanese male, later in a Chinese-Black female from French Guyana, and in three
Chinese from Macau. Recently, the mutation has also been reported in Thailand by
Supan Fucharoen at Khonkaen University, in association with HbE (�26; Glu�Lys) and
deletional �-thalassemia 1, South East Asian Type (SEA Type). The lack of a charge
change makes Hb Hekinan difficult to separate from Hb A by standard chromatographic
techniques or by HPLC, causing problems in quantitation of abnormal Hb and in
obtaining purified protein for characterization.  However, Hb Hekinan and Hb A may be
well separated by isoelectric focusing (IEF).  We have studied two new unrelated cases of
Hb Hekinan in association with �-thalassemia-1, with one case also having Hb E.

Both probands were accidently found by routine screening. The first case, S.J., a 
20-year-old Burmese woman, had the following hematological profile at steady state: Hb 
11.2 g/dL; Hct 35%; MCV 68 fL; MCH 22 pg; MCHC 32 g/dL; RBC 5.1 x 106/ml, while 
the second case S.S., an adult woman of Thai origin had the profile: Hb 10.2 g/dL; Hct 
35%; MCV 83 fL; MCH 24 pg; MCHC 29 g/dL; RBC 4.3 x 106/ml. Hemoglobin typing 
by cation exchange HPLC on the VARIANTTM instrument (Bio-Rad Laboratories, 
Hercules, CA, USA) revealed a major peak of an abnormal Hb poorly separated from Hb 
A in both probands.  With S.S., a minor peak was also observed at the HbA2/HbE 
region, indicating the presence of Hb E. Separation of the abnormal Hb is much better 
on IEF in the pH range 6-8. A distinct band of Hb Hekinan migrated slightly more 
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anodal than Hb A in both probands, with minor bands of oxidized Hb Hekinan and Hb 
A also being detectable in proband S.J.  With proband S.S., bands were also detected in 
the Hb A2/ Hb E regions, due to Hb E (�A

2�
E

2), as well as another band Hb X1

presumed to be �Hek
2�

E
2, together with a faint unknown band Hb X2.

Hb Hekinan was purified by DEAE-cellulose column chromatography, and, 
although Hb A and Hb Hekinan were not completely separated, several pools were taken 
and analyzed by IEF, allowing Hb Hekinan to be obtained free of contamination by Hb 
A.  The �Hek-chain and normal �A-chain were purified and compared by tryptic peptide 
mapping, and an abnormal peptide �Hek-T4 (23.57 min) was isolated with amino acid 
composition (Asx 1.12, Glx 2.29, Gly 3.06, Ala 3.50, Val 1.03, Leu 0.88, Tyr 0.74, His 
0.82, Arg 1.04). Protein sequencing confirmed the �27 Glu�Asp, indicating Hb 
Hekinan.

Direct DNA sequencing indicated that in both probands, �1Hek gene had T as the
third base of codon 27, instead of the G found in the �1A gene.  In addition, gap-PCR
analysis showed that both probands were heterozygous for �-thalassemia-1 (SEA type),
where both the �1 and �2 genes are deleted.  In the case of proband S.S., direct DNA
sequence analysis of the � globin gene also showed a heterozygous change from GAG
(Glu) to AAG (Lys) at codon 26 in exon 1, resulting in the replacement of glutamic acid
at position 26 by lysine, and indicating the Hb E (�26Glu-Lys) mutation.  The location of
the �Hek mutation in the �1 locus is similar to two earlier reports in Asiatic populations,
but differs from the �2Hek mutation associated with �-thalassemia-2 (-3.7), reported in a
survey of � globin gene variants.

The Hb Hekinan mutation does not cause functional abnormalities, since it
conserves charge properties and occurs at the interface between � and � chains. Thus,
simple heterozygotes showed normal hematology and had no pathological conditions.  In
addition, associations of �Hek with other Hb mutations, including �2Hek�1A/-	3.7�1A, as
well as --SEA/�2A�1Hek, �A/�E and �2A�1A/�2A�1Hek, �A/�E showed the hematological
parameters expected for the equivalent genotypes lacking the �Hek gene.   In our study,
both probands showed co-inheritance of the �-thalassemia-1 and �1Hek genes. Thus S.S.
had the same --SEA/�2A �1Hek, �A/�E genotype as in the previous report, while the
unrelated proband, S.J. is the first case described with the genotype --SEA/�2A�1Hek, �A/�
A.  Both also had hematological profiles similar to that expected for equivalent genotypes
lacking the �Hek gene. Our studies indicate that, while the �Hek gene is a rare variant, it can
be found associated in various combinations, with the �E gene and with �-thalassemia in
Thailand, due to their high frequency.

Early estimates of the content of Hb Hekinan in simple heterozygotes have
ranged between 12.9-13.4% (Table 10), using IEF or HPLC systems providing good
separation of Hb Hekinan and Hb A.  Hb Hekinan level in the genotype �2Hek�1A/-	3.7�
1A, �A/�A with three � genes, was found to be 28%.  However, the commercially
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available HPLC instrument does not provide adequate separation of Hb Hekinan and Hb
A, so Hb Hekinan levels in complex associations were not reliable when quantitated by
HPLC (Table 10). Poor separation leads to underestimation of Hb Hekinan compared to
Hb A, since Supan Fucharoen et al could not detect Hb Hekinan in the proband with the
genotype --SEA/�2A�1Hek, �A/�E. Thus, we have also quantitated Hb Hekinan levels by
IEF followed by densitometry, obtaining higher levels than that found when quantitated
by HPLC (Table 10).  Proband S.J., with genotype --SEA/�2A�1Hek, �A/�A, had 42.6% Hb
Hekinan, while proband S.S., with genotype --SEA/�2A�1Hek, �A/�E, had 32% Hb
Hekinan and 8 % of �Hek

2�
E

2 band, making a total of 40 % (Table 10). However, both
probands had �-thalassemia-1, so that �1Hek is one of only two � globin genes present.
While the level of �2: �1 mRNA appears to be in the range of 1.5-2.8, the ratio of �2:�1
globin chains has been previously estimated as being 2-3, but has more recently been
estimated as being only 1.19 for stable variants. The latter ratio would lead to % Hb
Hekinan levels of 43.7 % in compound association of �1Hek with �-thalassemia-1, similar
to estimates reported here using IEF and densitometry for quantitation.

6.1.3 Hb Kurosaki [�7 (A5) Lys-Glu] Found In Thailand

Hemoglobin (Hb) Kurosaki [�7 (A5) Lys-Glu] was first discovered in 1995 by 
Harano et al in a 70-year-old Japanese woman. As far as we know, no other cases have 
been reported, until the present paper, which describes a Thai male carrying this variant.. 
Cellulose acetate electrophoresis at pH 8.6 revealed Hb variant as a fast-moving band. 
Isoelectric focusing (pH range 6-8) of the hemolysate showed the presence of the 
abnormal Hb at a more anodic position than Hb A. On cellulose acetate electrophoresis 
in 6 M urea and 2-mercaptoethanol, pH 6.5, the proband also showed an � chain variant 
with more anodic mobility than �A.

The hemolysate was fractionated by DEAE-column chromatography, and an 
abnormal Hb peak (16.9%) was found, eluting out after HbA. Abnormal Hb was treated 
with acid-acetone and fractionated by HPLC (510; Waters, Milford, MA, USA) on a 
Vydac C4 (The Separations Group, Hesperia, CA, USA) column to separate the � and �
globin chains. Peptide maps of normal and abnormal ��chains were compared by HPLC 
on a C18 column (Aquapore OD-300, 7 micron, 250x4.6 mm; Applied Biosystems, 
Foster City, CA, USA) in ammonium acetate buffer, pH 5.7 and acetonitrile. The peptide 
map of abnormal �Kurosaki chain was similar to that of normal �A, except for the lack of 
peptide � AT-1, which was instead replaced by the later eluting �Kurosaki T-1.

.
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The amino acid composition (Asp 1.74, Glu 1.19, Ser 0.74, Thr 0.83, Ala 
1.08, Pro 1.07, Val 2.19, Leu 1.00, Lys 1.05) of abnormal peptide �Kurosaki T-1, 
determined by the Pico Tag method (Waters) showed the presence an �T-1,2 
peptide, due to substitution of Lys by Glu or Gln.  Automated protein sequence 
analysis of the abnormal �X chain showed that lysine at position 7 is indeed 
replaced by glutamic acid, so that tryptic cleavage did not occur, leading to 
formation of the � Kurosaki T-1,2 peptide extending from residue 1 to 11.

The earlier patient showed normal hematological parameters, and the
variant showed normal function and stability.  This is consistent with the fact that
the seventh position of � chain is located in an internal position of the A helix of
the Hb molecule and is not involved in contacts with heme or between chains.
Another case of a mutation at the �7 position, namely Hb Tatras (�7(A5) Lys�
Asn) found in a 72-year-old woman born in Czechoslovakia, also showed normal
hematological parameters in the heterozygote.

6.1.1 Compound Heterozygosity for Hb D Punjab/ HbE

The proband P.S. was a woman with normal hematological data at the
steady state: Hb 12.0 g/dL; Hct 38.0 %; MCV 84.1 fL; MCH 26.5 pg.
Hemoglobin typing by HPLC showed: Hb F 0.9 %, Hb A2 33.5 %; abnormal
Hb 59.0 %. Cellulose acetate electrophoresis of the hemolysate indicated that no
Hb A was present and instead showed two major bands in the position of Hb A2

(Hb E) and an unknown abnormal Hb running intermediate between Hb A and
Hb A2.   The abnormal Hb was purified by DEAE-cellulose chromatography and
the abnormal �-chains were isolated by HPLC on a Vydac C4 column.
Comparison of the tryptic peptide maps of normal �A and abnormal �PS chains
by HPLC revealed the presence of a new peptide �PST-13 (Glx 2.28, Thr 0.84,
Ala 1.89, Pro 1.72, Tyr 0.64, Val 1.24, Phe 1.08, Lys 1.00).  Amino acid sequence
analysis revealed the mutation �121Glu-Gln, which has previously been reported
as Hb D Punjab or Hb D Los Angeles: �PS-Tp13: 121Gln-Phe-Thr-Pro-Pro-Val-
Gln-Ala-Ala-Tyr-Gln-Lys. Since Hb E was found by HPLC and on cellulose
acetate electrophoresis, the proband P.S. was a compound heterozygote for Hb
D Punjab and Hb E. This combination does not cause any adverse symptoms.

6.1.2 Compound Heterozygosity for Hb E/ Hb Tak

The proband K.R. was a female with normal Hb level, but slightly low
MCV and MCH at the steady state, namely: Hb 13.7 g/dl; Hct 40 %; MCV 69 fl;
MCH 23.7 pg.  Hemoglobin typing by HPLC showed Hb F 1.9 %; Hb A2 / Hb E
47.3%; abnormal Hb 46.4%.  Cellulose acetate electrophoresis and isoelectric
focusing indicated that Hb A was absent, replaced by two major peaks at the
position of Hb A2, intermediate between Hb A and Hb A2. The hemolysate was
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fractionated by DEAE-cellulose chromatography to yield the Hb E and the
unknown abnormal Hb.  These Hb were separately treated with acid-acetone and
further fractionated by HPLC on a Vydac C4 column to separate chains.  The
abnormal �E and �KR chains were compared to normal �A chains by tryptic
mapping on HPLC. �E chains showed two new peptides �E-T3a (Asx 1.51, Glx
0.91, Gly 1.80, Val 3.07, Lys 1.00) and �E-T3b (Gly 1.01, Arg 1.00, Ala 1.14, Leu
1.03), consistent with the mutation �26Glu-Lys, characteristic of Hb E. �KR

chains showed two peptides �KRT15a (Thr 1.03, Tyr 0.83, His 0.98, Lys 1.00) and
�KRT15b (Asx 1.18, Ser 1.00, Ala 1.11, Tyr 0.74, Leu 2.67, Phe 2.00).   Protein
sequencer analysis showed the following sequences: �KR-Tp15a: Tyr-His-Thr-Lys
and �KR-Tp15b: Leu-Ala-Phe-Leu-Leu-Ser-Asn-Phe-Tyr.

The results therefore indicate that proband K.R. was a compound
heterozygote for HbE [�26(Glu�Lys)] and Hb Tak [�147(+AC)]: (147)Thr-Lys-
Leu-Ala-Phe-Leu-Leu-Ser-Asn-Phe-(157)Tyr-COOH.

6.2 Inborn Errors of Metabolism

Inborn errors of metabolism can cause severe clinical manifestations, such as mental
retardation or developmental abnormalities. In general, they arise from deficiencies in
enzymes in various metabolic pathways, such as the urea cycle, pathways for synthesis of
specific amino acids, or mucopolysaccharide degradation.  Such disorders may be due to
mutations leading to dysfunctional or poorly functioning enzyme, or may result from
lowered expression. Enzyme deficiencies are typically detected by an accumulation of the
substrate of the enzyme reaction and/or a decrease level of metabolites, which occur
after the enzyme reaction.  We have established various analytical techniques for
determining the levels of metabolites, such as amino acids, homocysteine and sulfur
amino acids, and organic acids.  The debilitating effects of many disorders, such as
phenylketonuria, may be abolished or lessened if the disease is detected early, and
appropriate intervention is carried out with suitable dietary programs.  Thus, early
detection by using appropriate diagnostic procedures is of much importance.

We are collaborating primarily with Dr. Pornswan Wasant (Division of Genetics,
Department of Pediatrics, Siriraj Hospital), Dr. Vorasak Shotelersuk (Faculty of
Medicine, Chulalongkorn University), and Dr. Suthipong Pangkanon (Queen Sirikit
National Institute of Child Health, Ministry of Public Health), and Dr. Duangrurdee
Wattanasirichaigoon (Faculty of Medicine, Ramathibodi Hospital) and Dr. Pranoot
Tanpaiboon (Faculty of Medicine, Chiangmai University). Apart from the analytical
studies to assist diagnosis of disease, we also study selected cases in greater depth, by
analyzing the levels of enzymes suspected of being deficient using leukocytes or cultured
fibroblasts from patients. Then, in cases where the gene is known, we design primers for
preparing cDNA by RT-PCR or PCR, and then perform automated sequence of the
cDNA to determine the mutation.  We are presently concentrating on two major
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diseases, methylmalonic acidemia and Hurler syndrome, and we will continue with these
studies.

6.2.1 Amino Acid Analysis of Normal Thai Children of Different Ages

Many disorders of amino acid metabolism, urea cycle disorders, and
organic acid disorders may be detected by amino acid analysis. Since amino acid
analysis facilities were not readily available in Thailand, we established a simple
methodology for analysis of plasma free amino acid levels by reverse-phase
HPLC and pre-column derivatization with phenylisothiocyanate.  Amino acid
levels were determined in plasma samples from 57 normal children of various
ages, obtained from Dr. Pornswan Wasant and Dr. Suthipong Pangkanon.  Data
for different age groups were obtained (0-6 months, 6-12 months, 1-3 years, 3-6
years, and 6-12 years), but the different age groups did not show major
differences. Thus, the plasma amino acid levels in normal children are
summarized for the overall age range of 0-12 years of age (Table 11), providing.
baseline values for detection of abnormal amino acid levels. Later, amino acid
analysis facilities were established in Siriraj Hospital by Dr. Wasant, using our
methodology.  We have also assisted Ramathibodi Hospital in standardization of
their amino acid analysis facilities. Thus our research has had impact on the
development of amino acid analysis facilities in Thailand.  As a result, we perform
fewer plasma amino acid analyses now, but we still perform occasional analyses
for various physicians in case of emergency or special need.  In addition, amino
acid levels in children with genetic diseases were studied, as follows.

6.2.2 Plasma Amino Acid Analyses in Children with Abnormal Protein
Metabolism

Some 221 plasma amino acid analyses have now been performed for
children suspected of having inborn errors of protein metabolism. The most
common inborn errors were phenylketonuria and maple syrup urine disease, but
other diseases were also found, including urea cycle disorders, homocystinuria,
and tyrosinemia.

6.2.2.1 Phenylketonuria: Eight cases showed abnormally high levels of plasma
phenylalanine (1 with 544 nmole/ml, and 7 with > 1,000 nmol/ml). This
suggested that the patients are deficient in the enzyme phenylalanine
hydroxylase, leading to improper metabolism of phenylalanine. The high
level of phenylalanine is toxic to the central nervous system and causes
brain damage. However, if detected early enough, proper treatment with a
diet containing low phenylalanine can prevent mental retardation. From
recent screening studies, the frequency of phenylketonuria in Thailand
appears to be lower than that reported in many other countries.
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6.2.2.2 Maple Syrup Urine Disease: Amino acid analysis of plasma from thirteen
patients showed increases in the level of valine (8 patients with >300
nmole/ml), isoleucine (5 patients with >300 nmole/ml) and leucine (2
patients with 400-650 nmole/ml and 11 patients in the range 1,350-4300
nmole/ml).  Comparison of the levels of the three amino acids to the
levels found in normal children of the same age indicated greatly increased
levels of leucine and moderately increased levels of valine and isoleucine.
These results are consistent with the diagnosis of maple syrup urine
disease (MSUD). Such patients can be treated by feeding with special milk
formulation designed for maple syrup urine disease.

6.2.2.3 Argininosuccinate synthetase deficiency: The HPLC chromatogram of this
patient showed abnormally high levels of citrulline (2,960 nmole/ml) and
glutamine (1,640 nmole/ml) in plasma, compared to the levels found in
normal children of the same age group.  Based on these results, the
patient was diagnosed as having argininosuccinate synthetase deficiency,
the first such case discovered in Thailand.

6.2.2.4 Homocystinuria: Homocystinuria is an autosomal recessive disorder that arises
from deficiency in the metabolism of methionine due to lack of the enzyme
cystathionine beta-synthetase (CBS).  This causes accumulation of
methionine, homocysteine, and metabolites of these amino acids in the
blood and urine. Two cases were studied.. The first case, W.J., was a 9 year
old female, having nephrotic syndrome from the age of 18 months, who,
was referred to Siriraj Hospital due to eye conditions, iridodonensis, anterior
lens dislocation, and glaucoma.  She was tall and had arachnodactyly. Urine
analysis showed cystine/homocystine and reducing substances.  The second
case, B.J., was the younger sister, aged 6 years, also with an eye disorder,
namely myopia, but without iridodonensis. Cystine/homocystine and
reducing substances were present in plasma. Both also showed elevated
levels of methionine (>500 nmole/ml) in plasma and high levels of
homocysteine (>400 nmole/ml) in urine, agreeing with clinical diagnosis of
homocystinuria.  Both patients were treated with vitamin B6, folic acid, and
betaine.
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Table 11  Plasma Free Amino Levels (nmol/ml) in Normal Thai Children (0-12 yrs)
Amino Acid Compounds Mean Standard     95% Confidence Interval

(n=57) Deviation Lower Upper

Phosphoserine 19.6 21.5 13.9 25.3
Aspartic acid 6.8 5.0 5.4 8.1
Glutamic acid 171.3 140.7 134.0 208.7
�-Aminoadipic acid 1.7 2.5 1.0 2.3
Hydroxyproline 18.1 13.2 14.6 21.6
Phosphoethanolamine 1.6 3.2 0.8 2.5
Serine 116.6 45.0 104.7 128.6
Asparagine 80.7 27.2 73.5 87.9
Glycine 179.1 69.6 160.6 197.6
Glutamine 353.5 166.4 309.3 397.6
�-Alanine 5.2 4.0 4.1 6.2
Taurine 112.9 77.4 92.3 133.4
Histidine 22.9 14.0 19.1 26.6
�-Aminobutyric acid < 10
Citrullinez 34.0 34.8 24.8 43.3
Threonine 87.5 71.2 68.4 106.5
Alanine 265.8 120.7 233.8 297.8
�-Amino-isobutyric acid < 5
Carnosine < 5
Arginine 70.8 35.4 61.2 80.3
Proline 172.6 86.8 149.6 195.7
1-Methylhistidine < 5
Anserine < 5
3- Methylhistidine < 5
�-Amino-n-butyric acid 15.6 10.7 12.7 18.5
Tyrosine 69.8 58.8 54.2 85.5
Valine 173.3 63.5 156.4 190.2

Methionine 25.3 11.5 22.2 28.4
Isoleucine 46.0 18.9 41.0 51.0
Leucine 96.9 34.5 97.8 106.1
Hydroxylysine < 5
Phenylalanine 57.1 14.7 53.2 61.0
Tryptophan 16.1 7.7 14.0 18.2
Ornithine 44.0 24.2 37.6 50.4
Lysine 110.2 50.4 96.7 123.7
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6.2.2.5 Tyrosinemia Type I: This is an autosomal recessive disorder, due to
deficiency of the enzyme fumarylacetoacetate hydrolase (FAH), which is
the last enzyme in the pathway for tyrosine breakdown.  This defect leads
to accumulation of tyrosine and its metabolites in the liver, causing liver
disease. Tyrosine may also accumulate in the kidney and central nervous
system, leading to delayed development. The patient was a 2 month old
boy, with hepatomegaly and prolonged coagulogram. Analysis of urinary
organic acid showed elevated succinylacetone. Alpha-fetoprotein was
elevated. Amino acid analysis showed elevated tyrosine (560 nmole/ml),
methionine (600 nmole/ml) and phenylalanine (188 nmole/ml) in plasma.
This data assisted and confirmed clinical diagnosis.

6.2.2.6  Nonketotic hyperglycinemia (NKH): This is an autosomal recessive
disorder in the degradation of the glycine, due to a defect in the glycine
cleavage system.  This leads to accumulation of glycine in the whole body,
including the central nervous system.  Diagnosis of NKH requires amino
acid analysis of plasma and cerebrospinal fluid (CSF amino acids).   NKH
patients typically have a CSF glycine/plasma glycine ratio greater than
0.08.  The two patients studied had CSF glycine/plasma glycine ratios of
0.095 and 0.125 respectively. Patients with this disorder show symptoms
within a few days after birth and decline rapidly, leading to lethargy,
convulsions and if not treated, possibly cessation of breathing.
Treatment involves use of sodium benzoate as anit-convulsant, and
reducing the level of glycine in plasma and CSF.

6.2.3 Mucopolysaccharide Disorders

Several mucopolysaccharide disorders have been found in Thai patients,
including Hurler Syndrome, Hunter Syndrome, Maroteaux-Lamy Syndrome, Sly
Syndrome, Morquio Syndrome, and Scheie Syndrome. We have studied a Thai
patient diagnosed as having Hurler syndrome, who was referred to the
Department of Pediatrics, Siriraj Hospital for further treatment. The patient had
physical examination showing coarse facies, claw-hand deformities, cloudy
cornea, pectus deformities, macrocephaly and hepatosplenomegaly. Laboratory
investigation showed positive urinary test for MPS, film spine characteristic of
dysostosis multiplex, cloudy cornea from eye examination, DQ of 73 and IQ of
61 with mild mental retardation. These are positive findings for diagnosis of
mucopolysaccharidosis (Hurler syndrome).

Studies in our laboratory showed a high level of urinary GAGs by the
DMB method, confirming mucopolysaccharidosis. TLC analysis of GAGs
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showed heparan sulfate and dermatan sulfate, consistent of Hurler’s syndrome.
Leukocytes were collected and assayed for enzyme activity. Enzymes assayed are
those deficient in various mucopolysaccharide disorders, namely �-L-Iduronidase
(lacking in MPS I, Hurler), �-N-Acetyl glucosaminidase (lacking in MPS III B,
Sanfilippo B), Galactose-6-sulfatase (lacking in MPS IV A, Morquio A), �-
Galactosidase (lacking in MPS IV B, Morquio B), N-Acetyl galactosamine-4-
sulfatase (lacking in MPS VI Maroteaux-Lamy), and �-Glucuronidase (lacking in
MPS VII, Sly).   

Measurement of enzyme levels showed that five mucopolysaccharide
degrading enzymes (�-galactosidase, �-glucuronidase, galactose-6-sulfatase,
arylsulfatase B, �-N-ac-glucosaminidase) were present at normal levels. However,
�-L-iduronidase was totally absent in agreement with the clinical diagnosis of
Hurler syndrome. Genomic DNA and cDNA sequencing showed that the
patient, SP, had the following differences with the database sequence for the �-L-
Iduronidase gene: Q33H (CAG>CAT), A75T (TTG>CTG), R105Q (CGG>
CAG), L118L (TTG>CTG), N181N (AAT>AAC), A314A (GCG>GCC),
A361T (GCG>ACG), T388T (ACG>ACC), T410T (ACC>ACG), V454I
(GTC>ATC) and S633L (TCG>TTG).  The mRNA message level appeared to
be normal, based on the signal ratio of 1.51 for �-iduronidase/�-actin in SP vs.
the ratio of 1.54 in the control by northern blot analysis.  SP’s phenotypically
normal mother carried all the same polymorphisms as SP, except for Q33H and
S633L.  The mutation A75T, carried by SP and her mother, is known to cause a
severe defect in �-iduronidase, Q33H is a non-disease-causing polymorphism,
while S633L is a recently described mutation associated with Scheie syndrome.
Thus, the �-iduronidase deficiency in SP appears to stem from the heterozygous
combination of the A75T and S633L mutations, although the modifying effects
of Q33H and other SNPs cannot be ruled out.

Another Hurler patient has been characterized and found to be deficient
in �-iduronidase enzyme.  The patient’s �-iduronidase gene was sequenced and
two new mutations were observed, 247insert-C and E299X, both of which result
in production of incomplete proteins.  So, this patient is sick due to lack of
complete �-iduronidase being produced.  Subsequently, we have begun to
characterize the frequency of the SNPs we detected that affect the protein
structure in the Thai population.  Interestingly, we see an allele Q105, T361, I454
(and likely Q33) at a frequency of 19%.  The Q33/Q105/T361/I454 allele has
previously been characterized in Taiwan and found to have higher than average
�-iduronidase activity.
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6.2.4 Methylmalonic acidemia

We have evaluated 3 patients with methylmalonic acidemia (MMA),
which results from the functional deficiency in the methylmalonyl CoA mutase
(MCM) gene (mut gene). This disorder may be caused by a deficiency in the gene
itself (mut0 or mut- mutations) or in genes responsible for transport and processing
of the cobalamin cofactor (cbl mutations). Two of the cbl genes, those impaired in
the cblA and cblB mutations which are thought to be involved in transport into
the mitochondria and deoxyadenylation, have been identified in the last year.

One patient, P.S., from Dr. Vorasuk Shotelersuk, was found to have 2
heterozygous mutations, 1048delT and 1706_1707delGGinsTA (G544X), which
were found to be inherited from the mother and father, respectively, and result in
an absence of functional proteins due to a frame shift and a premature stop
codon.  One other polymorphism, A499T, was found the proband and her
mother and was tested for its affect on recombinant MCM expressed in E. coli.
The Km for both the cofactor and the substrate for this mutant were within error
of the wild-type enzyme, so the mutation seemed to have little effect.  In
addition, the allele was found in 8% of the chromosomes from a non-MMA Thai
population.  So, this polymorphism seems to be a normal variant without effect
on enzyme activity and the defect in the patient is due to the 1048delT and
G544X mutations (Champattachai et al., 2003, Mol. Genet. Metab. 79, 300-302).

The other two patients did not show any defect in MCM enzyme, so
studies were begun to see whether there are mutations of the cbl genes.  We
found that the two patients had the same mutation in the cblB gene, E152X
(nonsense stop mutation).  One patient was homozygous, while the other was
heterozygous, but the other mutation has not been found.

6.3 Protein Changes in Human Cancer
 

 We are collaborating with Dr. Phaibun Punyarit of the Department of Pathology,
Phramongkutklao Hospital, Bangkok to analyze changes in protein in human cancer
tissues. Specimens of tumor tissue and normal tissue from the same patient have been
collected from many types of cancer, and have been characterized in terms of pathology.
 These tissues have been solubilized and fractionated by two-dimensional electrophoresis,
comparing the patterns of tumor tissue with normal tissue from the same patient. Protein
patterns are compared to databases available on the Worldwide Web, and some proteins
of interest are identified by peptide mass fingerprinting, ESI/MS/MS or automated
protein sequence analysis.
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6.3.1. Diagnosis of thyroid cancer and non-cancer diseases by proteomics

Thyroid nodules are relatively common and are found in approximately
6% of women and 2% of men. Nodular or multinodular goiter is the most
common non-neoplastic thyroid disease, but differential diagnosis of nodular
hyperplasia from true neoplastic thyroid nodule by microscopic criteria is often
difficult. It is also difficult to distinguish between benign and malignant forms of
follicular neoplasms at the pre-operative stage. Thyroid scan, ultrasonography
and fine-needle aspiration cytology (FNAC) are well established techniques for
primary diagnosis of benign and malignant thyroid diseases. But the FNAC has
inherent limitations due to inadequate sampling and overlapping cytological
features between benign and malignant follicular lesions.

We have performed 2-DE analysis of soluble proteins from normal,
benign and malignant thyroid tissues, including multinodular goiter (G), diffuse
hyperplasia or Graves’disease (Hy), follicular adenoma (FA), follicular carcinoma
(FC) and papillary carcinoma (PC) tissues. First dimension was electrofocusing in
IPG, pH 3-10, and second dimension was 12.5% SDS-polyacrylamide gels.
Selected gel spots were sequenced using an 473A Protein Sequencer (Perkins-
Elmer) or identified by identified by nanoelectrospray mass spectrometry after
tryptic digestion and desalting, using a Q-Tof instrument in collaboration with
Prof. Wittman-Liebold of the Max Delbruck Center for Molecular Medicine,
Berlin. Protein was identified using the sequence tag program and this
information was then applied to search in a non-redundant translated nucleotide
database (http://pepsea.protana.com/ PA_PeptidePattern Form.html).

The 2-DE pattern of papillary carcinoma thyroid tissue is shown in
Figure 21; to ensure reproducibility, this PC sample was studied 5 times by
cutting different areas of tissue, and the same protein pattern was obtained.
Tissues from several patients were studied for each disease, namely 5 G patients,
7 Hy patients, 6 FA patients, 7 FC patients and 9 PC patients, and for each
patient, samples of diseased and normal tissue were compared. Thirty-two spots
were identified by N-terminal sequencing and ESI-MS/MS to serve as landmarks
for comparisons between tissues. These included various groups of proteins, such
as cytoskeletal elements (actin, vimentin, tropomyosin, and myosin), proteins
concerned with folding and assembly related to molecular chaperones (HSP27
and GRP78), proteins involved in transcription and translation (nucleoside
diphosphate kinase, elongation factor1�) and proteins involved in sulfur
metabolism (glutathione-S-transferase P, thioredoxin).

The 2-D electrophoretic patterns of different disease states N, G, Hy,
FA, FC and PC showed unique protein patterns in the molecular weight range of
15-30 kDa and pI of 4.5-6.5 (Figure 22).  More spots were found in the
neoplastic tissues (FA, FC and PC) than the non-neoplastic tissues (G, Hy).
Eleven protein spots showed differences in the level of expression in different
diseases, namely glutathione-S-transferase P (GSTP), thioredoxin peroxidase 1
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(TPX1), superoxide dismutase (SODC), heat shock protein 27 (HSP27),
prohibitin (PHB), 4 spots of cathepsin B (CB), DJ-1 Protein, and ATP synthase
D chain (ATPQ).  These have previously been reported as tumor-related
proteins. In addition, TCTP gave variable expression with different thyroid
diseases. Non-neoplastic tissues (both nodular goiter and diffuse hyperplasia)
gave similar patterns to normal tissues. The level of TCTP (spot 8) was found to
be very low in the G and Hy disease states. The level of HSP27 (spot 11) was
higher in Hy compared to normal. The expression of cathepsin B (CB) was found
to be the most distinctive. This protein was up-regulated in neoplastic tissues
(Figure 22), and the very high levels of CB in FA disease allow FA to be readily
distinguished from G or Hy.  Comparison of benign (FA) and malignant tumors
(FC, PC), shows that prohibitin (spot 12) and ATPQ (spot1) were up-regulated in
PC, while HSP27 (spot 11) was present at higher levels in FA than in normal but
at lower levels in both FC and PC, compared to the normal state.

Our results therefore suggest that neoplastic and non-neoplastic changes
in the thyroid may be distinguished by proteomic studies. The most distinctive
protein found is cathepsin B (CB), which is up-regulated in neoplastic thyroid
tissue.  Furthermore, up-regulation of ATPQ and PHB in papillary carcinoma
provides another choice of markers for diagnosis, allowing PC to be
distinguished from FC. Interestingly, four spots (spot 4, 5, 6 and 17) of cathepsin
B (CB) could be identified (Figure 22). Spot 5 (CB1) and 6 (CB2) had the same pI
but slightly different MW. CB1 and CB2 were found to be glycosylated, since
they were positive for staining with PAS, with CB1 being more intensely stained,
so possibly having more sugar than CB2.

6.3.2. Diagnosis of thyroid cancer and non-cancer diseases by proteomics

Two-dimensional electrophoresis showed some characteristic differences
in the protein patterns from tissues from different thyroid diseases, including
normal thyroid, non-neoplastic diseases, such as multinodular goiter (G), diffuse
hyperplasia or Graves’ disease (Hy), and neoplastic diseases such as the benign
follicular adenoma (FA), and the malignant follicular carcinoma (FC) and
papillary carcinoma (PC). The most distinctive protein found was cathepsin B,
which could be detected as four spots, with differential expression in different
thyroid diseases. In particular, two of these cathepsin B spots CB2 and CB3 are
strongly upregulated in neoplastic diseases, compared to non-neoplastic diseases.
However, the proteomic approach is a useful diagnostic tool for studying diseases
involving the thyroid, but this technique is rather time-consuming, so another
approach has also been investigated employing immunological techniques.
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Thyroid proteins were run on 2-DE and the proteins were transferred
from the gel to a nitrocellulose membrane (Hybond ECL) by western blotting.
Incubation with mouse anti-cathepsin B (anti-CB) antibody (Chemicon), followed
by  treatment with HRP-labelled rabbit anti-mouse IgG allowed detection of
procathepsin B, CB1, CB2 and CB3. One-dimensional SDS-PAGE
immunoblotting was also used to study cathepsin B from different cancer tissues
such as colon, breast, ovary and liver cancers. The results indicate that cathepsin
B is only highly expressed in thyroid cancer tissue.  In lung, one band of proCB is
observed in lung cancer tissue, and a light band of CB is found in liver and lung
cancer tissues.

The protein, galectin 3, is beta-galactoside binding protein, possibly
involved in tumor progression. It is a very basic protein, making it hard to detect
by color staining in 2-DE, thus mouse anti-galectin-3 antibody (Research
Diagnostics, Inc.) was used, followed by incubation with HRP-labeled rabbit anti-
mouse IgG and detection by chemiluminescence. The expression of galectin-3
was studied in thyroid tissues, including normal thyroid (N), goiter (G), diffuse
hyperplasia (Hy), follicular adenoma (FA), follicular carcinoma (FC) and papillary
carcinoma (PC) by SDS-PAGE immunoblotting.  The immunoreactivity of
galectin 3 was strongest in PC, where 3-4 bands were found, but weak in N, Hy,
G and in six out of eleven cases of FA while no immunoreactive bands were seen
in FC. When two dimensional immunoblotting of galectin-3 was performed in
PC, at least 3 spots were found at MW 34/pI 7.1, 32/7.5 and 30/7.5.

6.3.3. Comparison of Cholangiocarcinoma and Hepatocellular Carcinoma Cell
Lines by Proteomics.

Cholangiocarcinoma (CCA), a malignant tumor derived from bile duct
epithelium, occurs with a higher incidence in tropical countries, such as
Thailand. Distinguishing CCA from hepatocellular carcinoma (HCC) of the liver
often requires the use of histochemistry, so molecular markers for diagnosis and
prognosis are still required. We have, therefore, compared the proteomic map of
a human cholangiocarcinoma cell line (HuCC-A1) to two human hepatocellular
carcinoma cell lines (HepG2 and HCC-S102) (Figure 23, 24). Our results show
that HuCCA-1 expressed a unique pattern of proteins, and forty-three major
proteins were identified by matching to the map of the MCF-7 cell line, and by
MALDI-TOF-MS and ESI/MS/MS. Cytokeratins CK8 and CK18 were
overexpressed in both HuCCA-1 and HCC, while CK7 and CK19 were only
expressed in HuCCA-1. Four specific proteins with MW/pI 57.2/5.21 (U1,
vimentin), 42.2/6.20 (U2), 43.2/6.20 (U3, EF-TU), and 42.2/6.40 (U4,
unidentified) were absent from HepG2. U2 showed high expression in HuCCA-
1, while U1 and U4 showed high expression in HCC-S102.  U2 could be
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separated into 2 proteins, U2/1 (alpha-enolase) and U2/2 (not identified) by
using IPG pH4-7. Galectin-3 showed high expression level in HuCCA-1 by 1-
DE immunodetection, and gave only one spot with MW 32.9 kDa and pI 8.29
on 2-DE immunoblotting, Thus, certain proteins, namely CK7, CK19, U2/2
and galectin-3, may be good markers useful for differential diagnosis of
cholangiocarcinoma compared to hepatocellular carcinoma.

6.4 Anti-cancer Compounds from Medicinal Plants

As part of the Chulabhorn Research Institute’s comprehensive research program
on cancer, we are also screening medicinal plants for anti-cancer activities in
collaboration with Dr. Somsak Ruchirawat (Chulabhorn Research Institute and Mahidol)
and Dr. Supanna Techasakul (Chulabhorn Research Institute and Kasetsart University).
Part of the work involves screening for cytotoxic activities using Thai cancer cell lines
HuCCA (human cholangiocarcinoma) and HCC-S102 (human hepatocellular carcinoma),
as well as other cells. In addition, we also perform functional screening tests, such as
inhibition of the in vitro invasion of extracellular matrix by cancer cells.

6.4.1 Cytotoxic Activities of Colchicine Derivatives

Colchicine is a very toxic compound, which acts on tubulin. We have
measured the cytotoxic activities of various colchicine derivatives (Figure 25),
synthesised by Dr. Somsak Ruchirawat’s group. The aim of our studies is two-
fold, first is that there may be some compounds, which are more effective than
colchicine and that may lead to more effective treatment with lower dose.
Secondly, some compounds may be more effective on cancer cells than on non-
cancer cells, which should lead to greater specificity in treatment, with fewer side
effects.  In either case, such analogs may more successfully treat diseases, in
which colchicine is presently used. Another goal is to study the precise
interaction between colchicine and tubulin dimers, through studies using
proteomic techniques. Thus, we have studied the cytotoxic effect, as IC50

(concentration causing 50% inhibition of cell growth), of several derivatives on
three cell lines: MCF-7 (breast cancer cell line), HepG2 (hepatoblastoma cell
line) and HCC-S102 (hepatocarcinoma cell line from Thai patient).

The effect of various compounds (Figure 25) on the above cell lines, 
expressed as IC50 values are shown in Table 12. The two liver cancer cell lines 
(HepG2 and HCC-S102) gave nearly the same effect with all compounds. 
Demethylation or substitution of the methoxy groups on the A ring decreases the 
potency (derivatives 2-5). Colchicine peroxide (derivative 6), N-(Trifluoroacetyl) 
demecolcine (derivative 15) and N-Deacetylthiocolchicine (derivative 24) 
specifically decrease the potency of breast cancer cell lines. The lower potency of 
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derivatives 7-9 maybe a result of increasing steric bulk. On the B ring, the 
acetamide group can be replaced by other alkyl amides with retention of potency 
(derivative 14 and 20). However some groups cause decreased potency (derivative 
17, 21 and 22). Demethylation or substitution of the methoxy groups on the C 
ring decreases the potency (derivative 13, 18 and 19). 10-Thiocolchicine 
(derivative 23) appears to be more potent than colchicine towards liver cancer 
cell lines.

6.4.2 Plant Extracts with Effect In Vitro Invasion Capability

Liver cancer is one of the most common causes of death from cancer in
Thailand, and ranks fourth in terms of cancer mortality throughout the world.
The high rate of recurrence, together with the mainly intrahepatic metastasis,
often leads to an unsatisfactory outcome, as shown by the very low relative 5-year
survival rate of 5%.  A new approach to cancer therapy focuses on metastasis,
and requires anti-metastatic agents, with little or no cytotoxic activity, which can
be used for long-term treatment, in combination with conventional short-term
treatment with cytotoxic anticancer drugs. We have screened the anti-invasive
activity of several Thai plant extracts on a human hepatocellular carcinoma cell
line HCC-S102 using an in vitro invasion assay.

Several Thai herbs were collected from forests in Thailand.  Both
aqueous and dichloromethane extracts were previously tested for cytotoxicity
with an oral cancer cell line and a cholangiocarcinoma cell line.  Extracts with low
cytotoxic activity (IC50 > 100 �g/ml) were chosen for further study.  The extracts
were tested for inhibitory effect on the invasion of cancer cells at a non-lethal
concentration, 50 �g/ml (Figure 26).  An aqueous extract of H. parasitica
exhibited 72% inhibition.

The aqueous extract of H. parasitica was chromatographed in a silica gel
column.  Anti-invasion and cytotoxic activity of the eluted fractions were assayed
at 50 �g/ml, in comparison to cisplatin (10 �g/ml).  The highest anti-metastatic
activity (83% inhibition of invasion) was found in a fraction (F-6), which had low
cytotoxic activity (96% survival) (Figure 27).  In comparison, the anticancer drug
cisplatin, which causes interstrand cross-links in DNA, did not affect the cancer
cell invasion, at a concentration having substantial cytotoxic activity (47%
survival).
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Table 12: Cytotoxicity Tests (IC50) of  Colchicine and Colchicine derivatives
Compounds IC50

��g/ml)
MCF-7 HCC-S102 HepG2

Colchicine (1) 0.004 0.012 0.010

2-Desmethyl Colchicine (2) 0.173 0.240 0.275

2-C-16 ether (3) 6.90 15.5 14.5

Colchicine acetate (4) 0.150 0.335 0.245

Colchicine palmitate (5) 0.035 0.270 0.245

Colchicine peroxide (6) 0.037 0.031 0.018

Triazolinedione Adduct (7) 19.0 24.0 19.5

Endo-Maleimide Adduct (8) 16.8 22.5 15.0

Exo-Maleimide Adduct (9) 4.95 14.0 18.5

Guanidyl Colchicine (10) 14.1 34.0 14.9

Benzamidine Colchicine (11) 38.5 40.0 28.0

N-Deacetylcolchiceine (12) 9.40 17.3 6.45

N-(Trifluoroacetyl) deacetylcolchicine (13) 4.20 10.7 4.65

N-(Trifluoroacetyl) deacetylcolchicine (14) 0.003 0.019 0.014

N-(Trifluoroacetyl) demecolcine (15) 0.025 0.026 0.023

N-Deacetylcolchicine (16) 0.031 0.063 0.042

N-Palmitoylcolchicine (17) 0.030 0.175 0.100

10-C-16-ether (18) 12.4 34.5 19.0

N-Formylcolchicine (19) 14.9 18.5 17.4

N-Formylcolchicine (20) 0.003 0.018 0.012

N-Formyldemecolcine (21) 0.018 0.102 0.064

N-(Trifluorosulfonyl)colchicine (22) 0.029 0.190 0.069

10-Thiocolchicine (23) 0.002 0.002 0.003

N-Deacetylthiocolchicine (24) 0.020 0.020 0.015
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Figure 26: Anti-invasion activity of aqueous (Aq) and dichloromethane (D)
extracts of several Thai herbs. All samples were assayed at 50 �g/ml.  Data represent
mean with S.E.M. for 3 experiments.  Data are percent invasion compared to control.

Figure 27:  Anti-invasion and cytotoxic activity of partially purified fractions from
an aqueous extract of H. parasitica.  The fractions were assayed at 50 �g/ml, in
comparison with cisplatin (10 �g/ml).  Data represent mean with SD of an experiment,
and are expressed as percent invasion and percent surviving cells compared to control.
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The aqueous extract of H. parasitica also showed interesting antioxidant
activity, IC50 for radical scavenging was 4.80 �g/ml, compared to 2.25 and 3.04 �
g/ml for well-known antioxidant compounds, caffeic acid and ascorbic acid
respectively.  Therefore antioxidant activity of the eluted fractions were
determined with the following results: F-1 (24.85 �g/ml), F-2 (1.81 �g/ml), F-3
(2.88 �g/ml), F-4 (3.18 �g/ml), F-5 (3.95 �g/ml), F-6 (5.41 �g/ml), F-7 (7.48 �
g/ml), and F-8 (25.26 �g/ml), respectively.  The highest antioxidant activity was
found in fraction (F-2), which had low anti-metastatic activity.

H. parasitica is an interesting plant, since its aqueous extract possesses
both anti-metastatic and antioxidant activity.  Unlike compounds of tea plants,
which suppressed cancer cell invasion through antioxidant activity, our results
indicate that the anti-metastatic activity of the aqueous extract of H. parasitica is
not associated with the antioxidant activity, and resides in ingredients of the plant
having low cytotoxicity.  The active compound is being purified and will be
further studied to elucidate its mechanism.
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III. Publications in International Journals and Proceedings

a) Publications in International Journals

For journals listed in Science Citation Index, Impact Factors [JIF] of each journal
are shown for the year 2003.   Other journals are generally considered by Thai scientists
as being “international journals’, published in Thailand, and as far as we know, fulfil the
criteria set by the Thailand Research Fund.  Overall, 22 papers were published in
international journals. In addition two other articles were published in International
Proceedings volumes.

1. Svasti, J. (2001) Bioscience and Its Impact on Developing Countries: a Thai
Perspective.  EMBO Rep. 2, 648-650. [JIF = 7.390]

2. Chaiyen, P., Suadee, C., & Wilairat, P. (2001) A Novel Two-Protein Component
Flavoprotein Hydroxylase: p-Hydroxyphenylacetate Hydroxylase from
Acinetobacter baumannii.  Eur J. Brioche 268 (21), 5550-5561. [JIF = 3.001]

3. Svasti, J., Srisomsap, C., Wasant, P., Pangkanon, S., Tiensuwan, M., Boonpuan,
K..  Sawangareetrakul, P. and Liammongkolkul, S. (2001) Normal Plasma Free
Amino Acid Levels in Thai Children.  J. Med. Assoc. Thailand. 84, 1558-1568. [JIF
= -]

4. Arthan, D., Svasti, J., Kittakoop, P., Pittayakhachonwut, D., Tanticharoen, M.,
and Thebtaranonth, Y. (2002) Antiviral isoflavonoid sulfate and steroidal
glycosides from the fruits of Solanum torvum. Phytochemistry. 59, 459-463. [JIF =
1.889]

5. Turbpaiboon, C., Svasti, S., Sawangareetakul, P., Winichagoon, P., Srisomsap, C.,
Siritanaratkul, N., Wilairat, P., and Svasti, J. (2002) Hb Siam [��-15(A13)Gly
(GGT)�Arg(CGT)] is a typical alpha hemoglobinopathy without alpha
thalassemic effect. Hemoglobin 26, 77-81. [JIF  = 0.505]

6. Sawangareetrakul, P., Svasti, S., Yodsowon, B., Winichagoon, P., Srisomsap, C.,
Svasti, J., and Fucharoen, S. (2002) Double Heterozygosity for Hb Pyrgos[����
EF7)Gly	Asp] and Hb E 
���(B8)Glu	Lys] Found in Association with �-
Thalassemia.  Hemoglobin. 26, 191-196. [JIF  = 0.505]

7. Kumar, C. V, Buranaprapuk, A., Sze, H. C., Jockusch, S., Turro, N. J. (2002)    
Chiral Protein Scissors: High Enantiomeric Selectivity for Binding and its Effect
on Protein Photocleavage Efficiency and Specificity  Proc. Natl. Acad. Sci. USA.
99(9), 5810-5815. [JIF  = 10.7]
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Publications in Year 2

8. Srisomsap, C., Subhasitanont, P., Otto, A., Mueller, E.-C., Punyarit, P. Wittmann-
Liebold, B. and Svasti, J.  (2002) Detection of Cathepsin B Up-Regulation in
Neoplastic Thyroid Tissues by Proteomic Analysis. Proteomics. 2, 706-712. [JIF  =
5.776]

9. Wasant, P., Svasti, J., Srisomsap, C., Liammongkolkul, S., and Ratanarak, P.,
(2002).  Inherited Metabolic Disorders in Thailand. J. Med. Assoc. Thailand 85,
Suppl 2, S700-9. [JIF  = -]

10. Wasant, P., Srisomsap, C., Liammongkolkul, S. and Svasti, J. (2002) Urea cycle
disorders in Thai infants: a report of 5 cases. J. Med. Assoc. Thailand  85, Suppl
2, S720-31.  [JIF  = -]

11. Kaomek, M., Mizuno, K., Fujimua, T., Sriyotha, P. and Ketudat Cairns, J.R. (2003)
Cloning, Expression and Characterization of an Anti-Fungal Chitinase from
Leucaena leucocephala de Wit.  Bioscience, Biotechnology and Biochemistry 67, 667-676. [JIF
= 1.025]

12. Opassiri, R., Ketudat Cairns, J.R., Akiyama, T., Wara-Aswapati, O., Svasti, J. and
Esen, A. (2003) Characterization of a rice �-glucosidase genes highly expressed in
flower and germinating shoot. Plant Science 165, 627-638. [JIF = 1.652]

13. Champattanachai, V., Ketudat Cairns, J.R., Shotelersuk, V., Keeratichamroen, S.,
Sawangareetrakul, P., Srisomsap, C., Kaewpaluak, V. and Svasti, J. (2003) Novel
mutations in a Thai patient with methylmalonic acidemia. Molecular Genetics and
Metabolism 79, 300-302. [JIF  = 2.038]

14. Kongsaeree, P., Samanchart, C., Laowanapiban, P., Wiyakrutta, S. and
Meevootisom, V. (2003) Crystallization and Preliminary X-ray Crystallographic
Analysis of D-Phenylglycine Aminotransferase from Pseudomonas stutzeri. Acta
Crystallographica Section D, 59, 953-954. [JIF  = 2.208]

15. Kongsaeree, P., Prabpai, S., Sriubolmas, N., Longview, C. and Wiyakrutta, S. (2003)
Antimalarial dihydroisocoumarins from endophytic fungus collected from
Crassocephalum crepidioides. Journal of Natural Products, 66, 709-711. [JIF  = 1.849]

Publications in Year 3

16. Lirdprapamongkol, K., Chulabhorn, M., Thongnest, S., Prawat, H., Ruchirawat,
S., Srisomsap, C., Surarit, R., Punyarit, P., and Svasti, J. (2003) Anti-metastatic
effects of aqueous extract of Helixanthera parasitica. J Ethnopharmacol 86, 253-6.
[JIF  = 1.188]
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17. Ngiwsara, L., Srisomsap, C., Winichagoon P., Fucharoen S., and Svasti, J. (2003)
Hb Kodaira II [�146 (HC3) His-Gln] detected in Thailand. Hemoglobin. 27, 37-39.
[JIF  = 0.505]

18. Opassiri, R., Hua, Y., Wara-Aswapati, O., Akiyama, T., Svasti, J., Esen A., and
Ketudat Cairns J.R.. (2004) �-Glucosidase, exo-�-glucanase and pyridoxine
transglucosylase activities of rice BGlu1.  Biochemical Journal 379, 125-131. [JIF
= 4.101]

19. Ngiwsara, L., Srisomsap, C., Winichagoon, P., Fucharoen, S. and Svasti, J. (2004)
Two Cases of Compound Heterozygosity for Hemoglobin Hekinan [�(27); Glu-
Asp] and �-Thalassemia in Thailand. Hemoglobin. 28, 145-150. [JIF  = 0.505]

20. Srisomsap, C., Sawangareetrakul, P., Subhasitanont, P., Panichakul.,
Keeratichamroen, S., Lirdprapamongkol, K., Chokchaichamnankit, D., Sirisinha,
S and Svasti, J. (2004) Proteomic Analysis of Cholangiocarcinoma Cell Line.
Proteomics, 4, 1135-1144. [JIF  = 5.776]

21. Chaiyen, P., Sucharitakul, J., Svasti, J., Entsch, B., Massey, V. and Ballou, D.P.
(2004) Use of 8-Substituted-FAD Analogs to Investigate the Hydroxylation
Mechanism of the Flavoprotein 2-Methyl-3-hydroxypyridine-5-carboxylic Acid
Oxygenase. Biochemistry. 43, 3933-3943. [JIF  = 3.922]

22. Suginta, W., Vongsuwan, A., Songsiriritthigul, C., Prinz, H., Estibeiro, P., Duncan,
R.R., Svasti, J., and Fothergill-Gilmore, L.A. (2004) An endochitinase A from
Vibrio carchariae: cloning, expression, mass and sequence analyses, and chitin
hydrolysis. Arch. Biochem. Biophys 424, 171-180. [JIF  = 2.338]

b) International Proceedings
   

23. Chaiyen, P., Suadee, C., Thotsaporn, K. & Svasti, M.R. J. (2002) Studies of the
Two-Component p-Hydroxyphenylacetate Hydroxylase from Acinetobacter
baumannii, in Flavins & Flavoproteins, (Eds: Chapman, S., Perham, R., and
Scrutton, N.), Rudolf Weber, Berlin, 975-980.

24. Sucharitakul, J., Chaiyen, P., Ballou, D. P., & Massey, V. (2002) Probing the
Mechanism of 2-Methyl-3-Hydroxypyridine-5-Carboxylic Acid Oxygenase by
Using 8-Substituted-FAD Analogs, in Flavins & Flavoproteins, (Eds : Chapman,
S., Perham, R., and Scrutton, N.), Rudolf Weber, Berlin, 381-386.
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IV. Abstracts in National and International Meetings and Other
Presentations of Research Results

a) Presentations at International Meetings

International Meetings Year 1

1. Ketudat Cairns, J.R., Champattanachai, V., Chuankhayan, P., Srisomsap, C.,
Boonpuan, K., Sullivan, P.A., & Svasti, J.  2001. Dalbergia beta-glucosidases: structural
and functional differences.  Fifteenth Symposium of the Protein Society,
Philadelphia, PA, USA 29 July-1 August, 2001, Protein Science 10 (Suppl. 2): 94-95
(#163).

2. Srisomsap, C., Subhasitanont, P., Otto, A., Mueller, E.-C., Punyarit, P., Wittmann-
Liebold, B. and Svasti, J. Comparative Proteomic Analysis of Non-neoplastic and
Neoplastic  Thyroid Tissues.  Applied Proteomics Conference: in view of 40 years of protein
analysis, Potsdam, Germany, 26-27 May 2001.

3. Svasti, J. (2001) Building Infrastructure for Molecular Biology and Biotechnology: a
Thai perspective. Invited Lecture, Strategy Meeting to Establish Southeast Asian Molecular
Biology Research Training Program, Gold Coast, Australia, 1-2 September, 2001.

4. Wasant, P., Svasti, J., Srisomsap, C., Liammongkolkul, S. and Ratanarak, P. (2001)
The Genetic Metabolic Project at Siriraj Hospital, Bangkok, Thailand.  4th Asia-Pacific
Regional Meeting on Newborn Screening of the International Society on Neonatal Screen, Manila,
Philippines, 17-19 October 2001.

5. Chaiyen, P. , Suadee, C. , Thotsaporn, K. & Svasti, M.R. J. (2002) Studies of the Two-
Component p-Hydroxyphenylacetate Hydroxylase from Acinetobacter baumannii, in 14th

International Symposium in Flavins & Flavoproteins, Cambridge, UK.

6. Sucharitakul, J., Chaiyen, P., Ballou, D. P., & Massey, V. (2002) Probing the
Mechanism of 2-Methyl-3-Hydroxypyridine-5-Carboxylic Acid Oxygenase by Using
8-Substituted-FAD Analogs, in 14th International Symposium in Flavins &
Flavoproteins, Cambridge, UK.

International Meetings Year 2

1. Svasti, J. (2002)  Production of Ph.D. Graduates at Thai Universities. Invited
Lecture, 16th Federation of Asian and Oceanian Biochemists and Molecular Biologists
Symposium, Taipei, Taiwan, 20-22 September 2002.

2. Toonkool, P., Jensen, S.A., Maxwell, A.L. and Weiss, A.S. (2002) Hydrophobic
domains of human tropoelastin interact in a context-dependent manner (poster and
oral presentation). 16th Federation of Asian and Oceanian Biochemists and
Molecular Biologists Symposium. P079. Taipei, Taiwan, 20-22 September 2003.

3. Sawangareetrakul, P., Srisomsap, C., Wasant, P., Liammongkolkul, S. and Svasti, J.
(2002)  Detection of homocystinuria in Thai children by HPLC.  4th HUGO Pacific
Meeting & 5th Asia-Pacific Conference on Human Genetics, Pattaya, Thailand, 27-30
October 2002.
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4. Champattanachai, V., Keeratichamroen, S., Sawangareetrakul, P., Ketudat-Cairns
J.R., Srisomsap, C., Shotelersuk, V. and Svasti, M.R.J.  (2002)  Identification of two
novel mutations in the methylmalonyl Co-A mutase from a Thai patient with
acidemia.  4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on Human Genetics,
Pattaya, Thailand, 27-30 October 2002.

5. Ngiwsara, L., Srisomsap, C., Fucharoen, P., Fucharoen, S., Ketudat-Cairns, J.R. and
Svasti, M.R.J. (2002) Characterization of hemoglobin Hekinan 
�27Glu(GAG)
�


Asp(GAT)] in Thailand. 4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on
Human Genetics, Pattaya, Thailand, 27-30 October 2002.

6. Jintaridth, P., Kalpravidh, R., Srisomsap, C., Fucharoen, P., Fucharoen, S. and
Svasti, M.R.J. (2002) Purification of human embryonic zeta globin chain for
antibody production.  4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on Human
Genetics, Pattaya, Thailand, 27-30 October 2002.

7. Lirdprapamongkol, K., Thongnest, S., Prawat, H., Ruchirawat, S., Srisomsap, C.,
Surarit, R. and Svasti, J. (2002) The search for anti-metastatic agents from Thai
herbs. 4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on Human Genetics,
Pattaya, Thailand, 27-30 October 2002.

8. Subhasitanont, P., Keeratichamroen, S., Srisomsap, C., Champattanachai, V. and
Svasti, J. (2002) Proteomic analysis of apoptosis induced by colchicine in human
hepatoblastoma.  4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on Human
Genetics, Pattaya, Thailand, 27-30 October 2002.

9. Srisomsap, C., Subhasitanont, P., Punyarit, P. and Svasti, J. (2002) Proteomic
alteration in thyroid diseases. 4th HUGO Pacific Meeting & 5th Asia-Pacific Conference on
Human Genetics, Pattaya, Thailand, 27-30 October 2002.

10. Svasti, J. (2002) Hydrolysis, Reverse Hydrolysis, and Transglucosylation Reactions
of �-Glucosidase Enzymes from Thai Plants. Oral Presentation, 5th Conference of the
Asia-Pacific International Molecular Biology Network (AIMBN), Shanghai, China, 2-4
November 2002.

11. Srisomsap, C., Subhasitanont, P., Panichakul, T., Lirdprapamongkol, K.,
Keeratichamroen, S., Sawangareetrakul, P., Chokchaichamnankit, D., Jai-nhuknan,
J., Sirisinha, S. and Svasti, J.  (2002)  Proteomic map of the human
cholangiocarcinoma cell line.  HUPO First World Congress, Versailles, France, 21-24
November 2002

12. Svasti, J., Srisomsap, C., Subhasitanont, P. and Punyarit, P. (2002) Protein changes
in thyroid diseases.  HUPO First World Congress, Versailles, France, 21-24 November
2002.

13. Opassiri R, Ketudat-Cairns JR, Wara-Aswapati O, Akiyama T, Svasti J, and Esen A.
Structure and expression of �-glucosidase genes in rice (Oryza sativa L.). Plant Biology
2002. The Annual Meeting of the American Society of Plant Biologists, Denver CO, USA
Aug 3-7, 2002.  Abstracts pg 45 Session 27 # 62.
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14. Svasti, J., Srisomsap, C., Surarit, R., Ketudat-Cairns, J., Techasakul, S. and
Toonkool, P. (2003) Structure and properties of Thai plant �-glucosidases. Invited
Lecture, 7th International Symposium on Protein Structure Function Relationship, Karachi,
Pakistan, 20-24 January 2003.

15. Toonkool, P., Ketudat-Cairns, J. and Svasti, J. (2003) Protein engineering of �-
glucosidase from Thai plants. 7th International Symposium on Protein Structure Function
Relationship, Karachi, Pakistan, 20-24 January 2003.

International meetings, Year 3

1. Srisomsap, C., Subhasitanont, P., Keratichamroen, S., Chimnoi, N.,
Chokchaichamnankit, D., Pisutjaroenpong, S., Svasti, J. (2003). Proteomic Analysis
of Hedychium coronarium Induced Protein Alterations in Hepatocellular Carcinoma
Cells.  Molecular and Cellular Proteomics 2, 836.

2. Toonkool, P., Ketudat-Cairns, J. and Svasti, J. (2003) Structure, Function and 
Engineering of �-Glucosidases from Thai Plants. Sixth Conference of the Asia-
Pacific International Molecular Biology Network “Dramatic Advances in Life 
Science: Now to the Future”. Tokyo, Japan, 11-13 November 2003.

3. Svasti, J. (2003) Thailand and the Life Science Highway. Invited Lecture, Sixth 
Conference of the Asia-Pacific International Molecular Biology Network “Dramatic 
Advances in Life Science: Now to the Future”. Tokyo, Japan, 11-13 November 2003.

4. Yuvaniyama, J. (2004) Plasmodium falciparum DHFR-TS Structures Open Ways for
New Anti-malarial Drug Design. Prince Mahidol Award International Symposium on
Medicine and Public Health, 27 January 2004, Faculty of Science, Mahidol University.

5. Kongsaeree, P. (2004) X-ray crystal structure of dihydrofolate reductase from
Plasmodium vivax: antifolate resistance mechanism” Prince Mahidol Award
International Symposium on Medicine and Public Health, 27 January 2004, Faculty of
Science, Mahidol University.

6.   Kongsaeree, P., Khongsuk, P., Leartsakulpanich, U., Chitnumsub, P., Yuthavong, Y.
(2004). X-ray crystal structure of dihydrofolate reductase from Plasmodium vivax:
antifolate resistance mechanism. Asian Crystallographic Association Conference, 27-
30 June, 2004. Hong Kong, China.

b) Presentations at National Meetings

National Meetings, Year 1

1. Arthan, D. Kittakoop, P., Svasti, M.R. J. (2001) Natural Substrates of �-Glucosidase
from Solanum Torvum Sw. 27th Annual Congress on Science and Technology of Thailand,
Haadyai, 16-18 October 2001.

2. Ngiwsara, L., Wasant, P., and Svasti, M.R. J. (2001) Determination of The Normal
Level of Some Mucopolysaccharide Degrading Enzyme in Human Leukocyte. 27th

Annual Congress on Science and Technology of Thailand, Haadyai, 16-18 October 2001.

3. Sawangareetrakul P., Srisomsap, C., Fucharoen, P. Fucharoen, F. and Svasti, M.R. J.
(2001) Characterization of Hemoglobin Pyrgos/Hemoglobin E And �-Thalassemia 1
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Trait in Thailand. 27th Annual Congress on Science and Technology of Thailand, Haadyai, 16-
18 October 2001.

4. Turbpaiboon, C., Svasti, S. Winichagoon, P., Siritanaratkul, N., Svasti, J. and Wilairat,
P. (2001)  Identification of Hemoglobin Siam  [�1-15(A13)Gly(Ggt)-Arg(Cgt)] in a
Family of Thai Origin. 27th Annual Congress on Science and Technology of Thailand,
Haadyai, 16-18 October 2001.

5. Ketudat Cairns, J.R., Opassiri, R., Esen, A., Akiyama, T. & Svasti, J. 2001.  Rice �-
glucosidase genomics, identification and characterization.  BioThailand 2001 &
National Rice Congress. 7-10 Nov., 2001.  Queen Sirikit National Convention Center,
Bangkok. Abstract O-Rice-02 Abstracts pg. 47.

6. Chantarangsee, M., Mizuno, K., Fujimura, T. & Ketudat-Cairns, J.R.  2001.  Cloning
and expression of �-galactosidase from rice (Oryza sativa L.). BioThailand 2001 &
National Rice Congress. 7-10 Nov., 2001.  Queen Sirikit National Convention Center,
Bangkok. Abstract P-Rice-17 Abstracts pg. 261.

7. Kaomek, M., Sriyotha, P., Fujimura, T. Ketudat-Cairns, J.R.. 2001.  Recombinant
expression and purification of class I chitinases from Leucaena leucocephala de Wit in E.
coli. 27th Congress on Science and Technology of Thailand, Haadyai, Songkla 16-18 October,
2001.  Extended Abstracts 17-16P-64 pg. 564.

8. Opassiri, R., Ketudat-Cairns, J., Wara-Aspanti, O., Esen A., Akiyama, T., and Svasti,
J. 2001.  Expression of rice beta-glucosidases. 27th Congress on Science and Technology of
Thailand, Haadyai, Songkla 16-18 October, 2001.  Extended Abstracts 17-16P-29, pg.
529.

9 Suadee, C. and Chaiyen, P.  (2001) Investigation on Catalytic Properties of a Novel
Two-Component: p-hydroxyphenylacetate Hydroxylase from Acinetobacter baumannii.
27th Annual Congress on Science and Technology of Thailand, Haadyai, 16-18 October 2001.

10.  Sucharitakul, J. and Chaiyen, P.  (2001) Probing Hydroxylation Mechanism of 2-
Methyl-3-Hydroxypyridine-5-Carboxylic Acid Oxygenase. (2001) 27th Annual Congress
on Science and Technology of Thailand, Haadyai, 16-18 October 2001.

11. Thotsaporn, K. and Chaiyen, P. (2001) Redox Potential and Substrate Binding of
Reductase Component of p-Hydroxyphenylacetate Hydroxylase (2001) 27th Annual
Congress on Science and Technology of Thailand, Haadyai, 16-18 October 2001, p 563.

12.Rojviriya, C. and Yuvaniyama, J. (2001) Conversion of Bacterial Penicillin G Acylase
to Cephalosporin C Acylase by Protein Engineering, 27th Congress on Science and
Technology of Thailand, Haadyai, Thailand, 16–18 October 2001.

13. Khongsook, P., Leartsakulpanich, U., and Kongsaeree, P.  (2001) Purification of
histidine-tagged dihydrofolate reductase from Plasmodium vivax with Ni-NTA affinity
column for protein crystallization. (2001) 27th Annual Congress on Science and Technology
of Thailand, Haadyai, 16-18 October 2001.

14. Kongsaeree, P., Laowanapiban, P., Meevootisom, V, Samanchat, C. and Wiyakrutta,
S. (2001) Crystallization and preliminary X-ray crystallographic analysis of D-
phenylglycine aminotransferase from Pseudomonas stutzeri ST201. (2001) 27th Annual
Congress on Science and Technology of Thailand, Haadyai, 16-18 October 2001.
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15. Vongvien, C. and Kongsaeree, P.  (2001) Bioactive Compounds from an Endophytic
fungus isolated from Shorea obtusa Wall. (2001) 27th Annual Congress on Science and
Technology of Thailand, Haadyai, 16-18 October 2001.

16. Dokprom, U., Leartsakulpanich, U., and Kongsaeree, P.  (2001) Effects of the
numbers of short tandem repetitive sequences GGDN of kinetic property of
dihydrofolate reductase (DHFR) from Plasmodium vivax. (2001) 27th Annual Congress on
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National Meetings,Year 2

1. Svasti, M.R. J. (2002) Research on Protein Structure and Function.  Invited
Lecture, 28th Annual Congress on Science and Technology of Thailand, Bangkok, 24-26
October 2002.

2. Buranaprapuk, A. and Kumar, C. V. (2002) Site Specific Cleavage of Proteins
Activated with Light. 28th Annual Congress on Science and Technology of Thailand, Queen
Sirikit National Convention Center, Bangkok, 24-26 October 2002.

3. Buranaprapuk (Chaivisuthangkura), A., Ratananukul, P., Chanunpanich, N.,
Pinsem, W. and Fungtammasan, B. (2002) Analysis of Biodiesel produced from
Palm Stearin Oil using HPLC Technique. Oral presentation, 28th Annual Congress on
Science and Technology of Thailand, Queen Sirikit National Convention Center,
Bangkok, 24-26 October 2002.

4. Boonclarm, D. and Svasti, M.R. Jisnuson (2002) Screening of Thai Plants for
Natural �-Glucosides and �-Glucosidase Enzyme, 28th Annual Congress on Science and
Technology of Thailand, Bangkok, 24-26 October 2002.

5. Phongsak, T. and Svasti, M.R.J. (2002) Comparison of Reaction Conditions For
Transglycosylation of Alcohols by Cassava Linamarase, 28th Annual Congress on
Science and Technology of Thailand, Bangkok, 24-26 October 2002.

6. Srisomsap, C., Subhasitanont, Lirdprapamongkol, K., and Svasti, M.R.J. (2002)
Proteomics of Thai hepatocellular carcinoma. Oral Presentation, 28th Annual
Congress on Science and Technology of Thailand, Bangkok, Thailand, 24-26 October 2002.

7. Pilaiwan Siripurkpong, Jirundon Yuvaniyama, and Prapon Wilairat (2002) Study of
Active-Site Specificity of Plasmodium falciparum Plasmepsins, 28th Annual Congress on
Science and Technology of Thailand, Bangkok, 24-26 October 2002.

8. Ngiwsara, L., Srisomsap, C., Fucharoen, P., Fucharoen, S., Sawangareetrakul, P.,
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9. Jintaridth, P., Kalpravidh, R., Srisomsap, C., Fucharoen, P., Fucharoen, S. and
Svasti, M.R.J.  (2002) Isolation of human embryonic zeta globin chain from blood
of hydrops fetalis. 28th Annual Congress on Science and Technology of Thailand, Bangkok,
Thailand, 24-26 October 2002.

10. Ketudat Cairns JR, Opassiri R, Chantarangsee M, Chuenchor W, Akiyama T, Esen
J, Svasti J, Wara-Aswapati O. 2003. Investigation of Glycosyl Hydrolase Family 1
and 35 Genes in Rice.  Rice Biotechnology 2003/ BioThailand 2003. PEACH
Pattaya, Thailand, July 18, 2003.  O-RICE-02. Proceedings pgs. 23-28.
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11. Opassiri R., Ketudat Cairns JR, Akiyama T, Wara-Aswapati O, Svasti J, Esen A.
2003. cDNA cloning, recombinant protein expression, and functional
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12. Opassiri R., Ketudat-Cairns JR, Wara-Aswapati O, Akiyama T, Svasti J, Esen A.
2002. Structure and expression of �-glucosidase genes in rice.  14th Annual Meeting
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14. Chuankhayan P., Ketudat Cairns JR, Svasti J.  2002. Structural and functional
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15. Wongvithoonyaporn, P., Mahaut, W., Artharn, D., Pao-in, T., Leongthongaram, J.,
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Thailand, 12-15 November, 2002. p. 180.

National Meetings, Year 3

1. Kongsaeree, P. (2003) X-ray crystal structure of dihydrofolate reductase from
Plasmodium vivax”. The Postgraduate Education and Research in Chemistry
Conference II, 12-14 May, 2003. Pattaya, Chonburi.

2. Subhasitanont, P., Srisomsap, C., Chokchaichamnankit, D and Svasti, J. (2003)
Enrichment and Proteome Analysis of cathepsin B from thyroid papillary carcinoma.
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4. Keeratichamroen, S., Ngiwsara, L., Lirdprapamongkol, K., Ketudat-Cairns J.R.,
Srisomsap, C., Surarit, R., Wasant, P. and Svasti, M.R. J. (2003). Identification of 2
novel mutations in a Thai patient with mucopolysaccharidosis type I. 29th Annual
Congress on Science and Technology of Thailand, Khonkaen, 20-22 October 2003.
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5. Boonclarm, D. and Svasti, M.R.J. (2003) Study of Novel �-Glucosidases In Thai
Plants. 29th Annual Congress on Science and Technology of Thailand, Khonkaen, 20-22
October 2003.

66..  Hommalai, G. and Svasti, M.R.J. (2003) Effect of alcohols on transglucosylation
specificity of plant �-glucosidases for alkyl glucoside synthesis. 29th Annual Congress on
Science and Technology of Thailand, Khonkaen, 20-22 October 2003.

7. Phongksak, T. and Svasti, M.R.J   ((22000033))  Synthesis of tertiary alkyl-�-glycosides using
cassava linamarase. 29th Annual Congress on Science and Technology of Thailand, Khonkaen,
20-22 October 2003.

8. Sarnthima, R. And Svasti, M.R.J (2003) Plant �-Glucosidases: Study Of Substrate
Specificity In Transglycosylation Of Long Chain Alcohols. 29th Annual Congress on
Science and Technology of Thailand, Khonkaen, 20-22 October 2003.

9. Yuvaniyama, J. (2003) X-ray Crystallography, Drug Design, and Protein Engineering.
29th Annual Congress on Science and Technology of Thailand, Khonkaen, 20-22 October
2003.

10. Yuvaniyama, J., Chitnumsub, P., Kamchonwongpaisan, S., Vanichtanankul, J.,
Sirawaraporn, W., Taylor, P., Walkinshaw, M.D. and Yuthavong, Y. (2003) Structures
of Plasmodium falciparum Dihydrofolate Reductase - Thymidilate Synthase: Another
Step to Combat Malaria. 29th Annual Congress on Science and Technology of Thailand,
Khonkaen, 20-22 October 2003.

11. Rojviriya, C. and Yuvaniyama, J. (2003) Crystallization and Structure Determination
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12. Oonanant, W., Yuvaniyama, J., and Chaiyen, P. (2003) Crystallization of 2–methyl–3–
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MA–1. 29th Annual Congress on Science and Technology of Thailand, Khonkaen, 20-22
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13. Pengthaisong, S. and Yuvaniyama, J. (2003) Solubility Improvement of Plasmodium
falciparum Plasmepsin I by Protein Engineering. 29th Annual Congress on Science and
Technology of Thailand, Khonkaen, 20-22 October 2003.

14. Duangrudee Tanramluk, Penchit Chitnumsub, and Jirundon Yuvaniyama (2003)
Crystal Structure of Trimethoprim - Plasmodium falciparum Dihydrofolate Reductase –
Thymidylate Synthase Complex. 29th Annual Congress on Science and Technology of
Thailand, Khonkaen, 20-22 October 2003.

15. Kongsaeree, P. “Structural X-ray Crystallographic Investigation in Chemistry and
Biology Research: from bioactive compounds to cellular targets”. 29th  Conference of
Science and Technology of Thailand (STT29), Khonkaen, 20 - 22 October 2003.

16. Opassiri, R. and Ketudat Cairns, J.R. (2004) Exo-beta-glucanase and transglycosylase
activities of rice BGlu1 beta-glucosidase.  (oral presentation)  15th Annual Meeting of
the Thai Society for Biotechnology, Chiang Mai, Thailand, 2-6 February, 2004.
Abstracts p. 27
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17. Chantarangsee, M. and Ketudat Cairns, J.R. (2004) Molecular cloning and expression
of rice �-galactosidase in E.coli BL21(DE3).  (poster presentation) 15th Annual
Meeting of the Thai Society for Biotechnology, Chiang Mai, Thailand, 2-6 February,
2004. Abstracts p.80

18. Metheenukul, P., Ketudat-Cairns, J.R., an Fujimura, T. (2004) Recombinant
expression of Thai rosewood �-glucosidase in E. coli. 15th Annual Meeting of the Thai
Society for Biotechnology, Chiang Mai, Thailand, 2-6 February, 2004. Abstracts p.85

19. Chuenchor, W., Opassiri, R., Ketudat Cairns, J.R. (2004) Recombinant expression
and preliminary crystallization of rice BGlu1 beta-glucosidase. 15th Annual Meeting of
the Thai Society for Biotechnology, Chiang Mai, Thailand, 2-6 February, 2004.
Abstracts p. 98

20. Mothong, N., Chuankhayan, P., Toonkool, P., and Ketudat Cairns, J.R.. (2004)
Cloning and sequencing of a full-length cDNA encoding a new �-glucosidase from
Dalbergia nigrescens Kurz. 15th Annual Meeting of the Thai Society for Biotechnology,
Chiang Mai, Thailand, 2-6 February, 2004. Abstracts p. 68

21. Chuankhayan, P., Ketudat-Cairns, J., and Hua, Y. (2004) The purification of
isoflavonoid glycoside substrates from Dalbergia nigrescens Kurz. 15th Annual Meeting
of the Thai Society for Biotechnology, Chiang Mai, Thailand, 2-6 February, 2004.
Abstracts p.70

22. Songsiriritthigul C., Robinson R.C., Yuvaniyama J., and Suginta, W. (2004)
Expression, purification and preliminary structural analysis of chitinase a from Vibrio
carchariae. 15th Annual Meeting of the Thai Society for Biotechnology. Chiangmai,
Thailand February 3-6, 2004. Abstract p. 164.

c) International Data base Entries

1. Opassiri, R., Ketudat Cairns, J.R., Vichitphan, S. and Esen, A. (2001) Oryza sativa
beta-glucosidase isozyme 2 precursor, mRNA, complete cds. Genbank Accession:
AY056828.

2. Chantarangsee M, Mizuno K, Fujimura T, Ketudat Cairns J. (2002) Oryza sativa
(japonica cultivar-group) beta-galactosidase mRNA, complete cds. Genbank
accession: AF508799

3. Esen A., Opassiri R, Ketudat Cairns JR. (2002) Oryza sativa beta-glucosidase mRNA,
complete cds.  Genbank accession: U28047

4. Akiyama,T., Opassiri,R., Ketudat-Cairns,J.R., Svasti,J. and Esen,A. (2002) Oryza
sativa (japonica cultivar-group) beta-glucosidase mRNA AY129294
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V. Students Completing or Undertaking Training

a)   Ph.D. Students Graduated

1. Miss Pilaiwan Siripurkpong, Ph.D. Biochemistry, March  2003, Mahidol University.
Thesis title: Study of active-site specificity of Plasmodium falciparum plasmepsins.

2. Mr. Dumrongkiet Arthan, Ph.D., Biochemistry, Mahidol University, July 2003,
Research area: Solanum torvum glycoside and its �-glucosidase enzyme

3. Miss Rodjana Opassiri, Ph.D. Environmental Biology, August 2003 , Suranaree
University of Technology. Thesis Title: Characterization of Rice �-Glucosidase.

4. Miss Jaruwan Siritapetawee, Ph.D, Biochemistry, Suranaree University of
Technology, May 2004; Thesis title: Functional and structural properties of an outer
membrane protein in Burkholderia pseudomallei by comparison with Burkholderia
thailandensis.

b) M.S. Students Graduated

1. Miss Mallika Chantarangsee, M.Sc. Biotechnology, August 2001, Suranaree University
of Technology.   Thesis title: Cloning and expression of �-galactosidases from rice
(Oryza sativa L.).

2. Miss Jariya Tontivatereungdej, M.Sc. Biochemistry, November 2002, Mahidol
University.   Thesis title: Improvement of Crystallizability of Plasmodium falciparum
Plasmepsin II Complexes.

3. Miss Cattleya Rojviriya, M.Sc. Biochemistry, April 2003, Mahidol University, Thesis
title: Conversion of Bacterial Penicillin-G Acylase to Cephalosporin-C Acylase by
Protein Engineering.

4. Mr. Thanawat Phongsak, M.Sc. Biochemistry, April 2003, Mahidol University, Thesis
title: Transglucosylation of alcohols by �-glucosidases from Thai plants

5. Miss Lukana, Ngiwsara, M.Sc. Biochemistry, April 2003, Mahidol University,
Research area: Structure of Abnormal Hemoglobins Found in Thailand.

6. Miss Duangkamol Boonclarm M.Sc. Biochemistry, Mahidol University, December
2003.  Thesis title:  Detection of novel glucosides and �-glucosidases from Thai
plants

7. Mr. Man Theerasilp, M.Sc. Chemistry, May, 2003, Mahidol University.   Thesis title:
Determination of binding constant for intermediate complexation of
dihydroartemisinin to ferroprotoporphyrin IX in physiological conditions by
continuous variation method.

8. Mr. Puttapol Khongsuk, M.Sc. Chemistry, January, 2004, Mahidol University. Thesis
title: Crystallization and Preliminary x-ray crytallographic analysis of Plasmodium vivax
dihydrofolate reductase.

9. Mr. Kittisak Thotsaporn, M.Sc, Biochemistry, Mahidol University, November 2003;
Research area: Cloning and Expression of oxygenase component of p-
Hydroxyphenylacetate Hydroxylase.
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c) Ph.D. Students Currently Undertaking Training

1. Miss Rakrudee Sarntima, Ph.D. study, Biochemistry, Mahidol University; Research
area: Plant �-glucosidases: study of their specificity in glycoside synthesis and
structure

2. Mr. Greanggrai Hommalai, Ph.D. study, Biochemistry, Mahidol University, Research
area: Structure and function relationships in Thai plant �-glucosidases.

3.  Miss Chutintorn Suadee, Ph.D. study, Biochemistry, Mahidol University; Research
area: Study of Luciferase Enzymes from Marine Organisms.

4. Mr. Jeerus Sucharitakul, Ph.D. study, Biochemistry, Mahidol University; Research
area: Mechanistic study of p-Hydroxyphenylacetate Hydroxylase.

5. Miss Phimonphan Chuankhayan, Ph.D. study, Biochemistry, Suranaree University of
Technology, Research area: Dalbergia nigrescens �-glucosidase.

6. Miss Pornphimon Metheenukul, Ph.D. study, Biochemistry, Suranaree University of
Technology, Research area: Dalbergia cochinchinensis �-glucosidase.

7. Miss Mallika Chantarangsee, Ph.D. study, Biochemistry, Suranaree University of
Technology, Research area: Rice �-galactosidases.

8. Mrs Chompunuch Songsiriritthikul, Ph.D. study, Biochemistry, Suranaree University
of Technology, Research area: Project title “Functional and structural characterisation
of V. carchariae chitinase A expressed in an E. coli system”

9. Miss Chariwat Samanchart, M.Sc. study, Chemistry, Mahidol University, Research
area: X-ray crystallographic analysis of Pseudomonas stutzeri D-phenylglycine
aminotransferase

11. Miss Watchalee Cheunchor, Ph.D. study, Biochemistry, Suranaree University of
Technology, Research area: Structure and function of rice �-glucosidase.

12. Mr. Sarayut Nidvipakul, Ph.D. study, Biochemistry, Mahidol University; Research
area: Study of flavin reductase enzymes from Marine Organisms.

13. Miss Cattleya Rojviriya, Ph.D. study, Biochemistry, Mahidol University, Research
area: X–ray Structure Determination and Protein Engineering of Bacillus megaterium
Penicillin-G Acylase.

14. Miss Preeyachan Laourthai, Ph.D. study, Biochemistry, Mahidol University, Research
area: Compounds Stimulating Hb F Synthesis.

15. Mr. Theerachai Kuntothom, Ph.D. study, Biochemistry, Suranaree University of
Technology, Research area: Structure and function of rice beta-glucosidases.

16. Mr. Puttapol Khongsuk, Ph.D. Chemistry, Mahidol University. Area: X-ray
crytallographic analysis of Plasmodium vivax dihydrofolate reductase

d) M.Sc. Students Undertaking Training

1. Miss Anothai Suphanpong, M.Sc. study, Organic Chemistry, Mahidol University, X-
ray crystallographic study of Plasmodium vivax dihydrofolate reductase and
isopropylmalate synthase
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2. Miss Wijittra Mahaut, M.Sc. study, Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Relationship between N-glycan and specificity of �-
mannosidase from Hibiscus sabdariffa L.

3. Miss Duangkamol Senatham, M.Sc. study, Biotechnology, Mahidol University,
Research area: Screening for sericin-specific protease from microorganisms using
substrate adsorbed to a plastic surface and radial diffusion in gel.

4. Miss Thanaporn Supakorndej, M.Sc. study, Biotechnology, Mahidol University,
Research area: Screening for sericin-specific protease from microorganisms

5. Miss Chantima Kaeyanon, M.Sc. study, Biotechnology, Mahidol University, Research
area: Selection and isolation of a protease preferentially degrading sericin and
improvement of its production using UV mutagenesis.

6. Mr. Worapoj Oonanant, M.Sc. study, Biochemistry, Mahidol University, Research
area: Crystallization of Pseudomonas MA-1 2-Methyl-3-hydroxypyridine-5-carboxylic
Acid Oxygenase.

7. Miss Duangrudee Tarnramluk, M.Sc. study, Biochemistry, Mahidol University,
Research area: X–ray Structure Determination of Plasmodium falciparum Dihydrofolate
Reductase–Thymidylate Synthase Complexed with Trimethoprim Derivatives.

8. Miss Supreeya Cheewarat, M.Sc. study, Organic Chemistry, Mahidol University,
Bioactive secondary metabolites from endophytic fungi from Thai medicinal plants.

9. Mr.Samran Prabpai, M.Sc. study, Organic Chemistry, Mahidol University,
Crystallographic investigation of bioactive compound, Bioactive secondary
metabolites from endophytic fungi. Biocatalysts in organic synthetic reactions.

10. Miss Kornkamon Kalapakornchai, M.Sc. study, Organic Chemistry, Mahidol
University, �-glucosidase in organic synthesis.

11. Miss Wijittra Mahaut, M.Sc. study, Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Relationship between N-glycan and specificity of �-
mannosidase from Hibiscus sabdariffa L. var. sabdariffa

12. Miss Chutima Wongpaisal, M.Sc. study, Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Sequence homology between fungal �-mannosidase
I and II.

13. Miss Kanokpan Thammawatra. M.Sc. study, Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Optimization of fungal naringinase production.

14. Miss Penporn Sujiwattanarat, M.Sc. study, Genetic Engineering, Kasetsart University,
Research area: Site-directed mutagenesis in beta-glucosidase.

15. Mr. Kittipat Sopitdhammakun, M.Sc. study, Biocehmistry, Mahidol University,
Research area: Cloning and expression of serine hydroxymethyl transferase from
Plasmodium vivax.

e)  B.Sc. Students Undertaking Training

1. Kanokon Teranuluk, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Separation and structural studies of oligosaccharides
synthesized by reverse hydrolysis using �-glucosidase from almond
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2. Narumol Jirundorn, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Separation and structural studies of oligosaccharides
synthesized by reverse hydrolysis using �-glucosidase from almond

3. Chintana Benjasiraruk, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Photochemical studies of novel pyrenyl probe on specific
cleavage of proteins

4. Miss Jarinee Pongputh, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Photochemical studies of novel pyrenyl probe on specific
cleavage of proteins

5. Miss Rachaneewan Chanda, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Footprint metal binding sites on proteins

6. Miss Jenjira Pulwittayakij, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Chemical studies of cobalt (III) complexes on specific
cleavage of proteins

7. Miss Amporn Ratanapanee, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Footprint metal binding sites on proteins

8. Miss Chintana Benjasiraruk, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Chemical studies of cobalt (III) complexes on specific
cleavage of proteins

9. Miss Pinrutai Suwanpradit, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Photochemical studies of novel pyrenyl probe on specific
cleavage of proteins

10. Miss Duangnate Supasorn, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Photochemical studies of novel pyrenyl probe on specific
cleavage of proteins

11. Miss Natchatorn Saksuporn, B.Sc. study, Chemistry, Srinakharintwirot University,
Prasarnmit; Project title: Footprint metal binding sites on proteins

12. Mr. Suratat Noisert, B.Sc. study, Chemistry, Srinakharintwirot University, Prasarnmit;
Project title: Footprint metal binding sites on proteins

13. Anothai Supanpong, B.Sc. study, Chemistry, Mahidol University, Research area:
Bioactive secondary metabolites from endophytic fungi.

14. Miss Usa Dokprom, B.Sc. study, Chemistry, Mahidol University, Research area:
Biochemical studies of Plasmodium vivax dihydrofolate reductase mutants

15. Miss Tippawan Ketkeaw, B.Sc. study, Chemistry, Mahidol University, Research area:
Linamarase as a stereoselective catalyst in glucoside syntheses

16. Mr. Preechan Thiampanya, B.Sc. study, Chemistry, Mahidol University, Research
area: X-ray crystallographic study of cyclohexanone monooxygenase

17. Miss Srisuda Tirakarn,  B.Sc. study, Chemistry, Mahidol University, Research area: X-
ray crystallographic study of cyclohexanone monooxygenase and linamarase

18. Miss Aimon Tongpenyai, B.Sc. study, Chemistry, Mahidol University, Research area:
X-ray crystallographic study of metacycloprodigiosin

19. Miss Patnapa Satchathep, B.Sc. study, Chemistry, Mahidol University, Research area:
Biotransformation of diketones.
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20. Miss Jarassri Ruengwatanakee, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Screening of glycosidase enzymes from plants from Northeast
Thailand

21. Miss Suchana Wanich, B.Sc. study, Chemistry, Mahasarakham University, Research
area: Screening of glycosidase enzymes from plants from Northeast Thailand

22. Miss Cholthicha Unaprom, B.Sc. study, Chemistry, Mahasarakham University,
Research area : Testing of carhohydrate hydrolysis in Aloe vera by partially purified
�-mannosidase from Albizzia procera Benth.

23. Miss Saisunee Wonglakorn, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Alkyl mannoside synthesis by �-mannosidase from Albizzia procera
Benth.

24. Miss Nantidaporn Ruangchan, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Isolation of glycosidase-producing bacteria from-soil and water
samples in Mahasarakham province

25. Miss Wacharee Wichairam, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Screening of glycosidase enzymes from plants from Northeast
Thailand

26. Miss Wilailak Chantasang, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Screening of glycosidase enzymes from plants from Northeast
Thailand

27. Miss Wilailak Angkaew, B.Sc. study, Chemistry, Mahasarakham University, Research
area:  Ability of �-mannosidase from Albizzia procera Benth.

28. Mr Wanchai Khonthon, B.Sc. study, Chemistry, Mahasarakham University, Research
area: Alkyl mannoside synthesis by �-mannosidase from Albizzia procera Benth

29. Miss Nittaya Thontha, B.Sc. study, Chemistry, Mahasarakham University, Research
area:  Looking for the natural substrate ofalpha mannosidase from Albizzia procera
(Benth.)

30. Miss Yubon Boonsom, B.Sc. study, Chemistry, Mahasarakham University, Research
area: Looking for the natural substrate ofalpha mannosidase from Albizzia procera
(Benth.)

31. Miss Ulaiwan Thaseesang, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Ability of �-mannosidase from Albizzia procera Benth.

32. Miss Rittichai Wiseschart, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Transmannosylation of alcohol using partially-purified alpha
mannosidase from Albizzia procera (Benth.)

33. Miss Waraporn Seeponle B.Sc. study, Chemistry, Mahasarakham University, Research
area: Transmannosylation of alcohol using partially-purified alpha mannosidase from
Albizzia procera (Benth.)

34. Miss Nitiya Sirichetphuriwat, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Testing of carbohydrate hydrolysis in Aloe vera by partially purified �-
mannosidase from Albizzia procera Benth.
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35. Miss Suchana Wanich, B.Sc. study, Chemistry, Mahasarakham University, Research
area: Screening of glycosidase enzymes from plants from Northeast Thailand.

36. Miss Cholthicha Unaprom, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Testing of carhohydrate hydrolysis in Aloe vera by partially
purified �-mannosidase from Albizia procera Benth.

37. Saisunee Wonglakorn, B.Sc. study, Chemistry, Mahasarakham University,  Research
area: Alkyl mannoside synthesis by �-mannosidase from Albizia procera Benth.

38. Nantidaporn Ruangchan, B.Sc. study, Chemistry, Mahasarakham University,
Research area: Isolation of glycosidase-producing bacteria from-soil and water
samples in Mahasarakham province.

39. Mr Sirisak Sosupimarn, B.Sc. study, Biology, Mahidol University, Research area:
Purification and Crystallization of Plasmodium falciparum Plasmepsin II.

40. Mr Yuthapong Pongboonchoo, B.Sc. study, Biology, Mahidol University, Research
area: Purification and Crystallization of Plasmodium falciparum Plasmepsin II.

41. Miss Rossukon Thongwichian, B.Sc. study, Chemistry, Mahidol University, Research
area: Mutation study of Plasmodium falciparum plasmepsins.

42. Mr. Pallop Ekkaratcharoenchai: B.Sc. study, Chemistry, Mahidol University, Research
area: Purification and characterisation of luciferase from luminous bacteria.

43. Miss Methinee Prongjit, B.Sc. study, Chemistry, Mahidol University, Research area:
Purification and characterization of flavin reductase from luminous bacteria.

44. Miss Jarunee Leongthongaram, B.Sc. study, Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Effect of germination on the �-mannosidase activity
in rosella

45. Miss Kanokpan Thammawat, B.Sc., General Science, Kasetsart University,
Kamphangsaen Campus, Research area: Study of fundamental characteristics of
naringinase from plants for the application of fruit juice debitterness

46. Mr Thanade Pao-in, B.Sc. study,  Biochemistry, Kasetsart University,
Kamphaengsaen, Research area: Synthesis of oligosaccharides by �-mannosidase

47. Mr. Narongsak Jojeen, B.Sc. study, Biochemistry, Kasetsart University; Project title:
Cloning and expression of D. cochinchinensis �-glucosidase in Pichia pastoris.

48. Miss Jureerat Boonrak, B.Sc., Biochemistry, Kasetsart University; Project title:
Cloning and expression of D. cochinchinensis �-glucosidase with N-terminal
polyhistidine-tag in Pichia pastoris.

49. Miss Peeraya Teawwatanakool, B.Sc., Biochemistry, Kasetsart University; Project
title: Cloning and expression of D. cochinchinensis �-glucosidase in Saccharomyces
cerevisiae.

50. Miss Supinda Chalermpanpipat, B.Sc. Biotechnology, Mahidol University, graduated
March 2002, Project title: Preparation of selective sericin and fibroin media for
screening of sericin-degrading bacteria.

51. Miss Pranom Chantrawisuk, B.Sc, Biotechnology, Mahidol University, graduated
March 2003, Project title: Screening for sericin-specific protease from
microorganisms: preparation of silk sericin and silk fibroin powders.



106

52. Miss Sawitree Phatchoo, B.Sc., Biotechnology, Mahidol University, graduated March
2004, Project title: Screening for sericin-specific protease from microorganisms: study
of proteases from bacterial strain KC001–009.

f) Graduate Students Performing Research Overseas

1.  Miss. Phimonphan Chuankhayan worked with Prof.  Patrick Sullivan, Director of the
Institute of Biomolecular Sciences at Massey University in Palmerston North, New
Zealand from Jan., 2000 until Jan., 2001.  While there, she has completed cloning of
the D. nigrescens �-glucosidase cDNA and cloned a full-length cDNA into
expression vectors for expression in E. coli and P. pastoris.  This work was supported
by a Royal Golden Jubilee Scholarship from the Thailand Research Fund.

2.  Miss Rodjana Opassiri traveled to Virginia Polytechnic Institute and State University
in Blacksburg, VA, USA from Jan. 18, 2002 until August 2, 2002 to work with Prof.
Asim Esen in the Dept. of Biology.  She worked to further characterize her
recombinant enzymes (rice Bglu1 and Bglu2) activities, improve recombinant
expression of rice Bglu2 and develop antibodies for immunocytochemistry to localize
the proteins in the plant tissues and cells.  This work is supported by a Royal Golden
Jubilee Scholarship from the Thailand Research Fund.

3. Miss Rakrudee Sarntima travelled to work with Prof. Malcolm Walkinshaw of the
Centre for Cell and Molecular Biology, University of Edinburgh, U.K., from January
2002 until March 2003, supported by a scholarship from the Ministry of University
Affairs.  She attempted to crystallize Thai Rosewood dalcochinase for the purposes
of determining its three-dimensional structure.

4. Mr. Dumrongkiet Arthan travelled to work with Professor Asim Esen of the
Department of Biology, Virginia Polytechnic Institute and State University,
Blacksburg, VA, USA from February 2002 until March 2003, supported by a
scholarship from the National Center for Genetic Engineering and Biotechnology.
He purified Solanum torvum �-glucosidase and tried to clone the �-glucosidase gene.

5. Mr. Jeerus Sucharitakul is doing research at the enzyme p-Hydroxyphenylacetate
Hydroxylase at the laboratory of Professor D.P. Ballou, Department of Biological
Chemistry, University of Michigan, Ann Arbor, U.S.A., October 2003–September
2004.

6.   Miss Preeyachan Laourthai is currently learning techniques for detecting compounds
which stimulate the synthesis of fetal hemoglobin (Hb F) at the laboratory of Dr.
Panos  Ioannou  Murdoch  Children’s  Research  Institute , Royal Children’s Hospital
Victoria Australia, January 2004 – July 2004.

7.   Miss Chutintorn Suadee , Ph.D. study, Biochemistry, Mahidol University; Research
area: Study of Luciferase Enzymes from Marine Organisms at the laboratory of
Professor D.P. Ballou, Department of Biological Chemistry, University of Michigan,
Ann Arbor, U.S.A. .

8. Miss Pornphimon Metheenukul traveled to Japan to work with Prof. Tatsuhito
Fujimura, Institute of Agricultural and Forest Engineering, University of Tsukuba,
Tsukuba, Ibaraki Japan, September, 2002 – August, 2003, supported by a scholarship
from the Association for International Education, Japan (AIEJ).
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VI. Other Grants Received by Researchers

1. Jisnuson Svasti: “Analysis of Proteins, Blood, and Body Fluids for Diagnosis,
Counseling and Treatment of Genetic Diseases”; from Chulabhorn Research
Institute 600,000 baht/year; October 2001-September 2003.

2. Jisnuson Svasti: “Abnormalities in proteins and enzymes in relation to cancers
found in Thailand”, from Chulabhorn Research Institute 400,000 baht/year;
October 2001-September 2003.

3. Jisnuson Svasti: “Proteomic Analysis Of The Effect Of Bioactive Compounds
On Cancer Cell Lines from Chulabhorn Research Institute 400,000 baht/year;
October 2001-September 2003.

4. Pimchai Chaiyen "Mechanistic and kinetic studies of the novel two-protein
component enzyme: p-hydroxyphenylacetate hydroxylase"; from TRF 360,000
baht per year and supplemental support from Faculty of Science 120,000 baht/
year, November 2001-November 2004.

5. Apinya Buranaprapuk “Design and synthesis of new protein photocleaving
reagent: role of ionic group in the probe side chain on the binding affinity and
the photocleavage of proteins” from Srinakarinwirot University, 239,000 baht,
December 2001 – November 2002.

6.   Wipa Suginta “Functional and Structural Characterisation of V. carchariae
Expressed in an E. coli System: Medical Application from Bioconversion of
Chitin” from TRF 240,000 baht/year, July 2002-June 2004.

7. Sujint Anguravirutt “Screening for Novel Plant Glycosidases and
Characterization of �-mannosidase from Albizzia procera Benth.” from TRF
240,000 baht/year, July 2002-June 2004.

8. Wipa Suginta (Group project) on “Development of over-expression system of
recombinant chi A from V. carchariae in E. coli for functional characterisation”
from Suranaree University of Technology, 345,000 baht/year, October 2002 –
October 2006, 30% time involved.

9. Wipa Suginta (Single project) “Gene isolation and expression of outer membrane
protein, OM-1 of B. pseudomallei for porin activity investigation”, 300,000
baht/year between October 2002-October 2005.

10. Prachumporn Toonkool "Expression and mutation studies of �-glucosidases
from Thai plants"; from Faculty of Science, Kasetsart University 100,000 baht,
September 2002-September 2003.
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11. James Ketudat-Cairns et al. “Investigation of Rice Beta-Glycosidase Gene
Functions”; from the National Science and Technology Development Agency
National Center for Genetic Engineering and Biotechnology.  3,700,000 baht,
July 2003-June, 2006.

12. Prachumporn Toonkool "Protein engineering of plant �-glucosidases and its
potential industrial applications"; from Thailand Research Fund. 480,000 baht,
August 2003-July 2005.

13. Prachumporn Toonkool "Protein engineering of plant �-glucosidases"; from
Third World Academy of Science. 9,000 US Dollars, August 2003-February 2005.

14.  Apinya Chaivisuthangkura “Photochemical and mechanistic studies on selectivity
of protein photocleavage” from Srinakharinwirot University, 259,000 baht,
March 2004 - February 2005.

15. Wipa Suginta “Isolation, Purification and Gene Isolation of a Chitinase from a
Marine Bacterium, Vibrio alginolyticus strain 283 for Determination of Its
Enzymatic Properties in Chitin Utilization” Suranaree University Grant: 523,200
baht (in year 2004), October 2003-September 2005.

16. Center for Protein Structure and Function (Jisnuson Svasti, Jirundon
Yuvaniyama, Palangpon Kongsaeree, Pimchai Chaiyen, and Pramwadee
Wongsaengchantra) “Structural and mechanistic studies of enzymes with
potential applications”, from Mahidol University Research Program Budget,
October 2003 – September 2006; 4,213,120 baht for first year (Oct 2003-Sept
2004)

17. Jisnuson Svasti, “Protein Changes in Human Disease”, 700,000 baht from
October 2004-September 2005, National Research Council of Thailand, as one
project in the Integrated Project on “Production of Graduates and Researchers in
Physics, Mathematics, and Medical Biotechnology (total support 15.0 million baht
for 2004-2005)
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VII. Prizes, Fellowships and Promotions

a) Prizes

1. Professor M.R. Jisnuson Svasti, awarded the Outstanding Scientist of Thailand
Award, Foundation for the Promotion of Science and Technology under Royal
Patronage of H.M. The King, 18 August 2002.

2. Professor M.R. Jisnuson Svasti, awarded Outstanding Researcher, Chemical
Sciences and Pharmacy section, National Research Council of Thailand, August
2003.

3. Professor M.R. Jisnuson Svasti, Outstanding Lecturer, Faculty Club, Faculty of
Science, Mahidol University

4. Professor M.R. Jisnuson Svasti, Exemplary Lecturer, Faculty Club, Mahidol
University

5. Dr. Jirundon Yuvaniyama, awarded the Young Scientist of Thailand Award,
Foundation for the Promotion of Science and Technology under Royal Patronage
of H.M. The King, 18 August 2003.

6. Dr. Palangpon Kongsaeree, awarded the Young Scientist Award, Foundation for
the Promotion of Science and Technology, under Royal Patronage of H.M. The
King, 18 August 2003.

7. Dr. Pimchai Chaiyen, awarded UNESCO-L’Oreal Women in Science Fellowship,
April 2003

8. Dr. Apinya Buranaprapuk, awarded Outstanding Thesis Award, Chemistry and
Pharmacy Section, National Research Council of Thailand, September 2001.

b) Promotions and Fellowships

1. Dr. Palangpon Kongsaeree, promoted to be Associate Professor, July 2003

2. Dr. Pimchai Chaiyen, promoted Assistant Professor, October 2001

3. Dr. Wipa Suginta, DAAD Fellowship to for training and research in Germany: a)
Dept. of Chemical Biology, Max Planck Institute for Molecular Physiology,
Dortmund, 1-30 April 2003; b) Dept. of Analytical Chemistry, Rurh University of
Bochum, Germany

4. Wipa Suginta, The General Travel Award from the British Biochemical Society
for a research visit to the Max Planck Institute for Molecular Physiology,
Dortmund, between April 1-May 15, 2004
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5. Prachumporn Toonkool, awarded the FAOBMB Travel Fellowship, to attend the
16th FAOBMB Symposium, 20–22 September 2002, Taipei, Taiwan.

6. Dr. Jirundon Yuvaniyama, Associate Member, Thai Academy of Science and
Technology Foundation, Thailand.

7. Dr. Palangpon Kongsaeree, Associate Member, Thai Academy of Science and
Technology Foundation, Thailand.

8. Wipa Suginta, The General Travel Award from the British Biochemical Society
for a research visit to the Max Planck Institute for Molecular Physiology,
Dortmund, between April 1-May 15, 2004
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VIII. Other Scientific Activities

1. Group Meetings, Seminar and Staff Meeting

A regular group meeting is held every two weeks, attended by staff and students
involved in this grant. Typically, these are informal presentations by students, but
occasionally staff may also address specific aspects of their research. Then, when there
are visitors from overseas, seminars are arranged by our group through the Department
of Biochemistry and Center for Protein Structure and Function at the Faculty of Science,
Mahidol University. Apart from that, meetings are held every two months between all
staff members in the project. Typically, these meetings will cover management aspects,
followed by reports of research progress by staff members.

2. Establishment of Center for Excellence in Protein Structure and Function

As part of the overall objective of promoting protein research, the Center for
Excellence in Protein Structure and Function, has been established at the Faculty of
Science, Mahidol University. With Professor Jisnuson Svasti is head of the group, and
other members are Drs. Palangpon Kongsaeree, Jirundon Yuvaniyama, Pimchai Chaiyen,
and Pramvadee Y. Wongsaengchantra. Most of the equipment provided by the Faculty of
Science, amounting to 28.3 million baht over three years, has now been installed. In
particular, the stop-flow kinetics apparatus and the X-ray diffractometer are now fully
functional and allow studies of pre-steady state kinetics and three-dimensional structure
to be carried out locally in Thailand. This not only increases the capability of our group
to study structure-function relationships in proteins, but also stimulates cooperation both
with scientists in the TRF grant, as well as other scientists.

3. Mentorship and the Research Encouragement Program (Jearanai Petch)

Mentorship is an important activity, whereby a senior scientist can help in the
development of younger scientists.  Professor Jisnuson Svasti has been mentor to 4
Ph.D. researchers in this senior research scholar grant, namely Drs. Patjraporn
Wongvithoonyaporn, Sujint Anguravirutt, Wipa Suginta, and Prachumporn Toonkool,
and is also advisor of Dr. James Ketudat-Cairns’ grants.  He also became mentor of other
young Ph.D. researchers , three as via contact through the Researcher Encouragement
Program (Jearanai Petch), and three others by direct contact.  These six researchers are
listed below:

a) Dr. Sompong Thammasirirak, Department of Biochemistry, Faculty of Science,
Khonkaen University; Project title: Purification, Characterization, Complete Amino
Acid Sequence and Evolution of Reptile Lysozymes

b) Dr. Suthee Wattanasiriwech, Mae Fah Luang University; Project title: Preparation of
Amorphous Silica from Rice Husk using the Enzymatic Approach
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c) Dr. Songkran Chuakrut, , Department of Microbiology and Parasitology, Faculty of
Medical Science, Naresuan University, Project title: Biochemical and molecular
characterization of a thermostable acetyl-CoA carboxylase from the thermophilic
photosynthetic bacterium

d) Dr. Kittisak Yokthongwattana; Department of Biochemistry, Faculty of Science,
Mahidol University, Project title: Characterization of the zeaxanthin-enriched
membranes in green algae.

e) Dumrongkiet Arthan Lecturer, Department of Tropical Nutrition and Food Science,
Faculty of Tropical Medicine, Mahidol University, Isolation and characterization of
�-glucosidase hydrolyzing iridoid glucoside and its natural substrates from Gonocayum
robbianum and other Thai plants.

f) Dr. Chanpen Chanchao, Department of Biology, Faculty of Science, Chulalongkorn
University, Project title: �-glucosidase from Thai bees [joint mentorship with Prof.
Siriwat Wongsiri]

4. Protein Research Network

A Thai Protein Research Network, affiliated to the Biochemistry and Molecular
Biology Section of the Science Society of Thailand, was set up in December 2001 to
exchange news between researchers interested in study of proteins.   This network
presently operates by e-mail through a server located at the National Synchrotron
Research Center.  Interested parties may subscribe to this newsgroup by sending an e-
mail to kumpanat@nsrc.or.th and writing "subscribe" in the subject and text of the email
message.  They will then receive news, ideas and comments submitted by other members
of the network.  They can also send news, ideas and comments through others in the
network by sending an e-mail to: proteinX@nsrc.or.th.  Such a self-operating network
has been started, since it does not require time to coordinate.

5. Stang Mongkolsuk Distinguished Professor

We were fortunate to have Professor William N. Lipscomb, Nobel Laureate in
Chemistry, visit the Center for Protein Structure and Function (CPSF), as Stang
Mongkolsuk Distinguished Professor of the Faculty of Science, Mahidol University, for
the period 16 June 2002 to 15 September 2002.  Professor Lipscomb is Abbot and James
Lawrence Professor Emeritus at the Department of Chemistry and Chemical Biology.
He has had a distinguished career studying structure-function relationships initially in
boron hydrides and later in enzymes, particularly zinc containing enzymes and allosteric
enzymes.

During his stay, Professor Lipscomb gave lectures on “Boron Hydrides”, “Linus
Pauling: Science and Peace”, “Zinc-containing Enzymes: carboxypeptidase and leucine
aminopeptidase”, as well as a lecture series on “Allosteric Enzymes”, including
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“Aspartate Transcarbamylase”, “Fructose-1,6-bisphosphatase”, and “Chorismate
Mutase”.   These were well attended by staff and students, not only of Mahidol
University, but also from other universities.  Professor Lipscomb also gave lectures at
other universities, such as Chulalongkorn University, Kasetsart University (both
Paholyothin and Kamphaengsaen), Chiangmai University, Khonkaen University, Burapa
University, Silpakorn University, Srinakarintwirot University, Prasarnmitr, and University
of the Thai Chamber of Commerce.  In addition, he has lectured for other academic
organizations, such as the Ministry of Science, Institute for the Promotion of Science and
Technology, National Science and Technology Development Agency and Thailand
Research Fund.

Professor Lipscomb also discussed research activities with staff and students at
the Center for Excellence in Protein Structure and Function, and has agreed to act as an
Advisor to the Center. These day-to-day interactions have undoubtedly had a stimulating
influence, and have not only provided insights into protein structure and x-ray
crystallography, but also given important ideas for research. He also had extensive
discussions with the computational chemistry group at Chulalongkorn University (Supot
Hannongbua) and the physical chemistry group at Kasetsart University (Jumras
Limtrakul and Supa Hannongbua).

At more public level, he has also made some TV appearances to promote science,
and was well-covered by the printed media. He has also met with the Minister for
University Affairs, the Minister for Science, Technology, and Environment, and with the
Prime Minister.

Professor Lipscomb’s visit has undoubtedly made a tremendous impact at many
levels.  Specifically, in the area of Protein Structure-Function Relationships, which is the
focus of the CPSF, Professor Lipscomb has created appreciation and understanding of
the field in scientists throughout Thailand.  Then, in wider sphere, he has improved
public awareness and support for science.

6. Protein Research Network Symposium 2002 on “Protein Structure and
Molecular Enzymology”

CPSF organized as a Protein Research Network Symposium on “Protein
Structure and Molecular Enzymology”, at the Faculty of Science, Mahidol University, 29-
30 August 2002. This meeting was co-sponsored by the Thailand Research Fund, the
Biochemical Section of the Science Society of Thailand and the Faculty of Science,
Mahidol University. The program consisted of two Keynote Lectures by Prof. W.N.
Lipscomb and Prof. Yongyuth Yuthavong (BIOTEC), and 18 Invited Lectures by Prof.
M.R. Jisnuson Svasti, and Drs. Chanun Angsuthanasombat, Albert Ketterman,
Palangpon Kongsaeree, Apinya Buranaprapuk, Panudda Boonserm, Pimchai Chaiyen,
Piamsook Pongsawasdi, James Ketudat-Cairns, Jirawat Yongsawatdigul, Aran
Incharoensak, Wanchai De-eknamkul, Wipa Suginta, Chantragan Srisomsap, Chanin
Limwongse, Worachart Sirawaraporn, Jirundon Yuvaniyama, and Jerapun Krungkrai.
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Overall, the lectures were excellent, and covered a broad ground in protein science,
including enzyme isolation, catalytic properties, structure and mechanism, and protein
abnormalities in disease. In addition, 43 Posters were presented (with 16 being from
members of CPSF), leading to lively discussion, and three awards were presented to the
best posters from students.

There were more than 200 registered participants from 23 institutions (with
number of participants in parenthesis), namely: Burapa University (5), Chiangmai
University (5), Chulabhorn Research Institute (3), Chulalongkorn University (27),
Huachiew Chalermphrakiet University (2), Kasetsart University (15), Khonkaen
University (5), King Mongkut’s University of Technology Ladkrabang (4), King
Mongkut’s University of Technology Thonburi (3), Maejo University (1), Mahanakorn
University of Technology (1) Mahasarakham University (2),  Mahidol University (91),
Naresuan University (7), National Center for Genetic Engineering and Biotechnology
(12), National Institute of Health (4), Prince of Songkhla University (2), Ramkhamhaeng
University (4),  Rangsit University (4), Silpakorn University (1), Srinakarintwirot
University (5), Suranaree University of Technology (13), and Thammasat University (6).
This clearly indicates that there is a widespread interest in Protein Structure and Function
in many universities and research institutions in Thailand.  Such interest suggests that the
Protein Research Network needs to be developed further to fulfil the needs of
researchers in the field of protein science.

7. Mini-Symposium on Protein Structure and Function, 1 July 2003

Professor William N. Lipscomb, Advisor to Center for Protein Structure and
Function, and Nobel Laureate in Chemistry from Harvard University, was awarded the
Honorary Doctorate degree from Mahidol University in 2003. On this special occasion,
the Center for Protein Structure and Function organized a “Mini-Symposium on Protein
Structure and Function” at Room K102, Faculty of Science, Mahidol University at 09:00-
12:00, 1 July 2003, in Professor Lipscomb’s honor. This meeting was an event of the
Protein Research Network, and also supported by the Thailand Research Fund.
Professor Lipscomb delivered a Plenary Lecture on “Recent X-ray results and
mechanisms of the allosteric enzyme aspartate transcarbamylase of E. coli”.  Professor
Jisnuson Svasti gave the Opening Remarks and delivered a Closing Lecture on
“Development of Protein Research in Thailand”.  In addition, there were three Invited
Lectures by Dr. Jirundon Yuvaniyama, Dr. Palangpon Kongsaeree, Dr. Pimchai Chaiyen.
The meeting was attended by some 180 participants.

8. Joint Senior Research Scholar Meeting, August 22-23, 2003

Professors M.R. Jisnuson Svasti and Suthat Fucharoen held a Joint Thailand
Research Fund Senior Research Scholar Meeting on “Protein Structure and Molecular
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Enzymology” and on “Thalassemia Research” at the Royal River Hotel on 22-23 August
2003. The program consisted of 8 symposia, with four symposia from each group,
arranged such that symposia from one group would be followed by symposia from the
other group.  The Center for Protein Structure and Function provided speakers in the
section on “Protein Structure and Molecular Enzymology”.  There were four symposia
with speakers taken from the staff, students, and collaborators of the Center: namely:
Purification and Applications of Enzymes (James R. Ketudat-Cairns, Patjaraporn
Wogvithoonyaporn, Suthee Wattanasiriwech), Approaches to Studying Enzyme Catalysis
(Pimchai Chaiyen,  Jeerus Sucharitkul, Wipa Suginta, Dumrongkiet Arthan), Changes in
Protein Structure and Human Disease (Chantragan Phiphobmongkol, Lukana Ngiwsara,
Siriporn Keeratichamroen, Kriengsak Lirdprapamongkol), and Enzyme Structure and
Function (Sompong Thammasirirak, Jirundon Yuvaniyama, Palangpon Kongsaeree).
The meeting was attended by some 150 persons, and contained an interesting mixture of
basic and applied topics.

9. Joint Senior Research Scholar Meeting, September 14-15, 2004

Professor Jisnuson Svasti is planning to hold another joint Senior Research
Scholar Meeting, September 14-15, 2004, this time with Professor Suthat Fucharoen and
Professor Siriwat Wongsiri. Both investigators are collaborators of Professor Jisnuson
Svasti.  The joint meeting will extend from biology to molecular bioscience and medical
science.  It will therefore broaden the outlook of members of the team, and may give rise
to additional research projects.

10. Seminars

Several protein scientists and enzymologists to give seminars at CPSF, sometimes
jointly held with the Department of Biochemistry, as shown below.  These special
seminars by experts in the field were very stimulating for staff and students alike, and in
particular, the lectures by Nobel Laureates, William Lipscomb and Robert Huber were
absolutely memorable.

10.1 Professor Asim Esen, Virginia Polytechnic and State University, U.S.A. spoke
on “The Mechanism of Substrate Specificity in �-Glucosidases”, 15
December 2000.

10.2 Professor Seiya Chiba, Hokkaido University, Japan spoke on “Catalytic
Mechanism of Carbohydrate-Degrading Enzymes”, 18 January 2001.

10.3 Professor Malcolm D. Walkinshaw, University of Edinburgh, U.K. spoke on
“Structure of Heme-containing Oxido-reductases: Flavocytochrome C and
P450”, 29 May 2001.

10.4 Dr. James Ketudat-Cairns, Institute of Science Suranaree University of
Technology, Nakorn Ratchasima spoke on “Molecular Characterization of �-
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Glucosidases and �-Galactosidases from Rice and Forest Legumes”, 28th

September 2001.

10.5 Dr. Richard Ashley, University of Edinburgh, U.K. spoke on “Ion Channels
that Bypass the Secretory Pathway: novel mechanisms for incorporation of
membrane proteins”, 13 December 2001.

10.6 Professor Richard N. Perham, University of Cambridge, U.K. spoke on
“Multi-functional Enzymes as Catalytic Molecular Machines”, 16 February
2002.

10.7 Professor William N. Lipscomb, Harvard University, U.S.A. spoke on “Zinc
Enzymes: Carboxypeptidase A and Leucine Aminopeptidase”, 26 June 2002.

10.8 Dr. Robert C. Robinson, Uppsala University, Sweden spoke on “The
Structures of Gelsolin and Arp2/3 and their Role in Cell Movement”, 2 July
2002.

10.9 Professor William N. Lipscomb, Harvard University, U.S.A. spoke on
“Allosteric enzymes-I: Aspartate transcarbamylase”, 3 July 2002.

10.10 Professor William N. Lipscomb, Harvard University, U.S.A. spoke on
“Allosteric enzymes- II: Fructose-1,6-Bisphosphatase”, 10 July 2002.

10.11 Professor William N. Lipscomb, Harvard University, U.S.A. spoke on
“Allosteric enzymes-III: Chorismate Mutase of Yeast”, 17 July 2002.

10.12 Dr. David P. Ballou, Department of Biological Chemistry, University of
Michigan, Ann Arbor, “Structure and Mechanism of Methylene
tetrahydrofolate reductase”, 13th August 2003.

10.13 Professor Asim Esen, Virginia Polytechnic and State University, U.S.A. spoke
on “Isolation and Characterization of a �-Glucosidase Aggregating Factor
(BGAF) and its Specific Interaction with Maize �-Glucosidases”, 15 August
2003.

10.14 Professor Linda Fothergill-Gilmore, Institute of Cell and Molecular Biology,
University of Edinburgh, Scotland spoke on “Three New Chemotherapeutic
Targets in Trypanosomatic Parasites”, 3 October 2003.

10.15 Professor Stephen G. Withers, Department of Chemistry, Faculty of Science,
University of British Columbia, Vancouver, Canada spoke on
“Understanding and Exploiting Glycosidases”, 21 January 2004.

10.16 Professor Robert Huber, F.R.S., Max-Planck-Institut fuer Biochemie,
Abteilung Strukturforschung, Martinsried, Germany spoke on “Protein
Structures in Medicine”, 5th April 2004.

10.17 Professor Edward J. Wood, School of Biochemistry & Molecular Biology,
University of Leeds spoke on "Wound healing: what can in vitro models tell
us?",  8th April 2004.
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10.18 Dr. Ole Norregard Jensen, Department of Biochemistry and Molecular
Biology, University of South Denmark, Denmark spoke on “ Proteomics and
Mass Spectrometry: Strategies and Applications in Molecular Cell Biology”,
9th April 2004.

11. Workshop

A workshop on LC-MS was organized by Dr. Wipa Suginta between 4-6 August,
2003 at Suranaree University of Technology. Speakers/tutors included: Dr. Santi
Sakdarat (Chemistry, Suranaree); Dr. Heino Prinz (Max Planck Institute for Molecular
Physiology); and Dr. Wipa Suginta (Chemistry, Suranaree). The workshop was attended
by 30 participants in the lecture session and 10 participants in the laboratory session.
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IX. Target and Output

The output from this grant has generally been able to match or exceed the tartgets in
the initial proposal (Table 13).  Over the three year period of the grant, research yielded
22 publication in international journals, and two articles in international proceedings
volumes, similar to the 23 publications in international journal projected in the initial
proposal. Morever, some 5 papers were in high impact journals with impact factor
greater than 4.0. Many more presentations were also made at meetings than anticipated,
with 27 abstracts in international meetings and 54 abstracts at national meetings over the
three year period, compared to projections of 9 at international meetings and 26 at
national meetings. Some of these were invited lectures by staff, but many were poster
presentations by students, thus providing the opportunity for young researchers to gain
experience.

In terms of training of young Ph.D. researchers, at the beginning of the grant there
were 4 young researchers within the same faculty and 5 young researchers outside the
faculty and/or in other universities. These researchers remained, and more young
researchers became associated, either as investigators in the grant itself or as independent
investigators, with Professor Jisnuson Svasti as their mentor. Thus at the end of the grant
period, young researchers being developed by Professor Jisnuson Svasti included 5
researchers within the faculty and 9 researchers in other faculties or universities. Many of
these researchers have produced publications at international level and/or have received
their own grant funding.

Training of students also exceeded target over the three year period. Four Ph.D.
students graduated and another 16 students are currently enrolled in the Ph.D. program.
Nine M.Sc. students graduated, and another 15 students are currently enrolled in the
M.Sc. program. At any given year the number of graduate students enrolled ranged
between 8-15 students for the Ph.D. program and between 9-15 students for the M.Sc.
program.  In addition, 52 B.Sc. students performed their Senior Project research with
staff in the grant.  Thus staff members in the grant provided training to students with
specialization in protein science and enzymology at all levels.
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 APPENDIX: CURRICULUM VITAE OF INVESTIGATORS

(M.R.) Jisnuson SVASTI

Born:               25 September 1947; Bangkok, Thailand.   Nationality:  Thai

Marital Status:  Married (8/8/68) to (M.R.) Phromchatra
Daughters: (M.L.) Sasibha (17/4/75), (M.L.) Chandrabha
(20/5/78)

Present Positions:

     1982-present Professor, Department of Biochemistry, Faculty of Science,
Mahidol University, Rama VI Road, Bangkok 10400, Thailand.
http://www.sc.mahidol.ac.th/scbc

     2001-present Head, Center for Excellence in Protein Structure and Function,
Faculty of Science, Mahidol University, Bangkok 10400,
Thailand
http://www.sc.mahidol.ac.th/subcontentresearch_pro.htm
http://www.cpsf.sc.mahidol.ac.th/

     1990-present Head, Laboratory of Biochemistry, Chulabhorn Research
Institute, Don Muang, Bangkok 10210, Thailand
http://www.cri.or.th

Contact Address:
Professor Jisnuson Svasti,
Department of Biochemistry, Faculty of Science, Mahidol
University, Rama VI, Bangkok 10400, Thailand.

Tel:  (66-2)-2015457, 2015840; Mobile: (66-1)-8212135
Fax: (66-2)-248-0375 (office); 259-6634 (home)
e-mail: scjsv@mahidol.ac.th;  svasti@loxinfo.co.th
http://www.sc.mahidol.ac.th/scbc/BCstaff/JS/JS_CV.htm

Education:      Educated in England (1954-1972)

     1957-1960           Cheam School, Headley, Nr. Newbury, Berkshire.
     1960-1965           Rugby School, Rugby, Warwickshire.
     1965-1972           Trinity College, Cambridge University.

Degrees:

      1968      B.A.(Hons) Natural Sciences (Biochemistry), Cambridge
University, United Kingdom.

1972 M.A., Natural Sciences, Cambridge University, U.K.

1972      Ph.D, MRC Laboratory of Molecular Biology, Cambridge
University, U.K. Thesis title: Sequence Studies on Mouse
Immunoglobulins  Supervisor: Dr.Cesar Milstein, F.R.S. (Nobel
laureate)
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Professional Affiliation:

1972-1975    Lecturer, Department of Biochemistry, Faculty of Science,
Mahidol University.

1975-1978  Assistant Professor, Department of Biochemistry, Faculty of
Science, Mahidol University.

1976-1977  Senior Research Associate, Department of Human Biological
Chemistry and Genetics, University of Texas Medical Branch,
Galveston, Texas 77550, U.S.A.

1979-1982 Associate Professor, Department of Biochemistry, Faculty of
Science, Mahidol University.

1980-1984    Chairman, Department of Biochemistry, Faculty of Science,
Mahidol University.

  1996-1997 Associate Dean, Faculty of Science, Mahidol University

  1997-1999 Vice-President for International Relations, Mahidol University

Teaching Activities:

a. Lecture and Laboratory Supervision in the following graduate and
undergraduate courses: Molecular Biosciences, Basic Biochemistry, Advanced
Biochemistry Laboratory.  Special interests: Proteins; Enzymes; Biochemical
Techniques.

b. Biochemical Education: author of several articles in international educational
journals; co-author of Thai biochemistry textbooks; co-producer of series of
tape-slide instructional programs on biochemical techniques (in English and
Thai)

Research Activities:

General interests: Protein structure and function, enzymology.

      Past experience: Plasma proteins (immunoglobulins, plasma vitamin D binding
protein); proteins unique to the male reproductive system (lactate
dehydrogenase isozyme X, testis-specific histones, sperm protamines, seminal
plasma acidic protease); biochemical action of the antifertility agent gossypol;
preparation & distribution of restriction endonucleases.

Present interests: Glycosidase enzymes and glycosides; enzymatic synthesis of
oligosaccharides and glycosides; genetic diseases including abnormal
hemoglobins and inborn errors of metabolism; protein changes in relation to
human cancer.
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Professional Societies:

1972-present Member, Science Society of Thailand

1981-present Member, Biochemical Society, U.K.

1986-present Member, Physics Society, Thailand

1991-present Member, Chemical Society, Thailand

1992-present Member, Thai Biotechnology Society

  1995-present Member, Japanese Society for Bioscience, Biotechnology &
Agrochemistry

 1997-present Member, Protein Society, U.S.A

International Activities:

1979-1981 Coordinating Committee, Asian Network of Biological Science

1980-1986 Treasurer, Federation of Asian & Oceanian Biochemists

  1989-1990 President-Elect, Federation of Asian and Oceanian Biochemists

1990-1992 President, Federation of Asian and Oceanian Biochemists
(FAOB), http://www.bic.nus.edu.sg/faobmb/home.html

1993-1994 Past President, Federation of Asian and Oceanian Biochemists
and Molecular Biologists  (FAOBMB)

1994 Chairman, Organising Committee, Eleventh FAOBMB
Symposium on Biopolymers and Bioproducts: structure, function and
applications, Bangkok, 15-18 November 1994

1996-2002 Member, Committee on Symposia, International Union of
Biochemistry and Molecular Biology (IUBMB),
http://www.iubmb.org

  1996-present Thai Delegate to IUBMB

  1998-present Governing Council, Asia-Pacific International Molecular Biology
Network (A-IMBN),

  2001-present Membership Committee for Biochemistry and Biophysics, Third
World Academy of Science (TWAS), http://www.twas.org

 2003-present Editorial Board, Molecules and Cells, Korean Society of Molecular
and Cellular Biology

2003-present Member, Health Committee, EAGLES (European Action on
Global Life Sciences)

2004-present Council Member, Asian-Oceanian Human Proteome
Organisation Council
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Local Activities:

  1974-84, 1992-93 Editorial Board, Journal of the Science Society of Thailand

  1985-1987    Editor-in-Chief, Journal of the Science Society of Thailand 

  1985-87, 2000- Member, Executive Committee, Science Society of Thailand
Under the Patronage of His Majesty the King,
http://www.scisoc.or.th

1994-1998  Executive Committee, Journal of the Science Society of Thailand

  1986-1987     Chairman, Biochemical Section, Science Society of Thailand

1988-present Advisory Board, Biochemical Section, Science Society of
Thailand

1991-1998  Committee Member, National Research Council of Thailand
(Agriculture & Biology Section)

1982-1991 Board of Directors, Chumbot-Pantip Foundation

1984-present Board of Directors, Prajadhipok-Rambhai Barni Foundation

  1985-present Board of Directors, Memorial Foundation for H.M. King Rama
VII-Queen Rambhai Barni

1990-present Board of Trustees, Cambridge-Thai Foundation

1995-2002 Associate Editor, Mahidol University Journal

1999-2000 Editorial Board, ScienceAsia, Journal of the Science Society of
Thailand

    2001-present Editor-in-Chief, ScienceAsia, Journal of the Science Society of
Thailand

2002-present Committee Member, National Research Council of Thailand
(Chemical Sciences & Pharmacy Section)

  2003-2004 External Assessor of Chulalongkorn University for the Office of
National Education Standards and Quality Assessment

Fellowships:

1968-1971 Coutts-Trotter Research Studentship, Trinity College, Cambridge

1972 Travel Fellowship, First International Symposium on
Immunology, Gausdal, Norway

1974 Travel Fellowship, Third International Conference on Isozymes,
New Haven, U.S.A.

1976 IUB Travel Fellowship, 10th International Congress of
Biochemistry, Hamburg, Germany
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Local Awards, Honours and Decorations:

1982 Mahidol University Prize for Excellence in Research: “Chromatin
Structure and Nucleic Basic Proteins in Mammalian Male Germ Cells”
(with Nongnuj Tanphaichitr and Prasert Sobhon)

1997 Founding Member, Thailand Academy of Science and Technology (TAST)

1998 Outstanding Researcher Award, Ministry of University Affairs

2001 Senior Research Fellow, Thailand Research Fund

2002 Outstanding Scientist of Thailand Award, Foundation for the Promotion
of Science and Technology under the Patronage of His Majesty the King

2003 Outstanding Researcher, Chemical Sciences and Pharmacy Section,
National Research Council of Thailand

2003 Outstanding Lecturer, Faculty Club, Faculty of Science, Mahidol University

2004 Exemplary Lecturer, Faculty Club, Mahidol University

International Honours:

1994 Honorary Member, Federation of Asian and Oceanian Biochemists and
Molecular Biologists, Inc. (FAOBMB)

  1995 Honorary Member, Philippine Society of Biochemistry and Molecular
Biology

1996 Elected Fellow, Third World Academy of Science (TWAS)

  1998 Member, Asia-Pacific International Molecular Biology Network

Royal Decorations:

1987       Knight Grand Cross of the Most Noble Order of the Crown of 

Thailand

1990       Knight Grand Cross of the Most Exalted Order of the White Elephant

1993       Knight Grand Cordon (special class) of the Most Noble Order of the
Crown of Thailand

1998       Knight Grand Cordon (special class) the Most Exalted Order of the
White Elephant

Summary of Publications:

Over 100 publications, as follows:

93 Research and Original Articles at International Level

     9  Articles on Science Education and Educational Research at International Level

   18 Editorials, Reviews and Other Academic Articles

    4   Textbooks & Guidebooks
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Selected Publications:

A. Research and Original Articles at International Level

1.   Svasti, J. and Milstein, C.  (1970)  Variability of Interchain Binding of Immunoglobulins:
interchain bridges of mouse IgG1. Nature (Lond.)  228, 933-935.

2.   Milstein, C. and Svasti, J. (1971) Expansion and Contraction in the Evolution of the
Immunoglobulin Gene Pools.  Progress in Immunology, vol.1 (B. Amos, ed.), pp. 33-45,
Academic Press, New York and London.

3. Svasti, J. and Milstein, C.  (1972) The Disulphide Bridges of a Mouse Immunoglobulin
G1 Protein.  Biochem. J. 126, 837-850.

4.  Svasti, J. and Milstein, C.  (1972)  The Complete Amino Acid  Sequence of a Mouse
Kappa Light Chain. Biochem. J. 128, 427-444.

5.  Svasti, J. and Milstein, C.  (1972)  The Parallel Nature of the Interchain Disulphide
Bonds of Immunoglobulins:  studies on a mouse IgG1 myeloma protein.  Europ. J.
Biochem. 31, 405-422.

6. Adetugbo, K., Poskus, E., Svasti, J., and Milstein, C.  (1975)  Mouse Immunoglobulin
Subclasses:  cyanogen bromide fragments and partial sequence of a gamma 1 chain.
Europ. J. Biochem. 56, 503-519.

7.  Svasti, J. and Viriyachai, S.  (1975)  The Properties of Purified LDH-C4  from Human
Testis.  Isozymes, vol. 2, Physiological Function (Markert, C.L., ed.), pp. 113-127, Academic
Press, N.Y. & London.

8.  Svasti, M.R. J. and Viriyachai, S.  (1975) The Purification of Lactate Dehydrogenase
Isozymes LDH-A4, LDH-B4 and LDH-C4 from Human Tissues.  J.  Sci. Soc. Thailand
1, 57-71.

9.  Pongsawasdi,  P. and Svasti,  J.  (1976)  The Heterogeneity of the Protamines from
Human Spermatozoa.  Biochim. Biophys. Acta 434, 462- 473.

10.  Svasti, M.R. J., Prawatmuang, P., Vajanamarhutue, C., Kadjaphai, A., Wangthammang,
S. and Talupphet, N. (1976) The Presence of Two IgG Subclasses in Waterbuffalo
Immunoglobulins.  J. Sci. Soc. Thailand  2, 56-66.

11. Svasti, J.  (1977) An Addition at the C-terminus of Water-Buffalo Immunoglobulin
Lambda Chains.  Biochem. J. 161, 185-187.

12. Svasti, J. and Bowman, B.H.  (1978)  Human Group-Specific Component:  changes in
electrophoretic mobility resulting from vitamin D-binding and from neuraminidase
digestion.  J. Biol. Chem. 252, 4188-4194.

13.  Svasti, J. and Talupphet, N.  (1979)  Improvement in the Resolution of Human Sperm
Protamines by Use of Iodoacetamide as Labelling Agent.  Biochim. Biophys. Acta 577,
221-225.

14. Svasti, J., Kurosky, A., Bennett, A. and Bowman, B.H.  (1979)  Molecular Basis for the
Three Major Forms of Human Serum Vitamin D Binding Protein (Group-Specific
Component). Biochemistry 18, 1161- 1167.

15. Svasti,  J., Kurosky, A., Bennett, A., Surarit, R. and Bowman, B.H.  (1979)  Structure and
Properties of Human Plasma Vitamin D Transport Protein (Group-Specific
Component).  Vitamin D:  Basic Research and its Clinical Applications (Norman, A.W. et al.,
eds.), pp. 149-152, Walter de Gruyter and Co., Berlin.

16.  Toowicharanont P. and Svasti, J.  (1980) A Logical Approach to the Isolation of Lactate
Dehydrogenase Isozyme X from Human Testes: a general rationale for the isolation of
homotetrameric  LDH isozymes.  Experientia 36, 37-38.
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17. Surarit, R. and Svasti, J.  (1980)  Effect of Ligand Binding on the Conformation of
Human Plasma Vitamin D Binding Protein (Group-Specific Component).  Biochem. J.
191, 404-410.

18.  Surinrat, P., Svasti, J. and Surarit, R.  (1981)  Improved Purification and Fluorescence
Changes upon Activation of Human Seminal Plasma Acidic Protease.  Biochim. Biophys.
Acta. 659, 38-47.

19. Anguravirutt, S. and Svasti,  J.  (1981)  A New Procedure for the Purification of Rat
Testis-Specific Histone TH2B Involving Affinity Related Chromatography.  Arch.
Biochem. Biophys. 210, 412-416.

20. Surarit, R. and Svasti, J.  (1982)  Human Vitamin D Binding Protein:  conformation and
structure.  Vitamin D, Chemical, Biochemical and Clinical Endocrinology of Calcium Metabolism
(A.W. Norman et al, eds), pp. 1187-1190, Walter de Gruyter and Co., Berlin & New
York.

21.  Wattanaseree, J. and Svasti, J.  (1983) Human Testis-Specific Histone TH2B:
Fractionation and Peptide Mapping.  Arch. Biochem. Biophys. 225, 892-897.

22. Svasti, J., Anguravirutt, S. and Toowicharanont, P.  (1984)  The Application of Affinity
Chromatography in the Isolation of Proteins and Enzymes Specific for Male Germ
Cells.  Proceedings, Third Symposium of the Federation of Asian and Oceanian Biochemists, Bali,
Indonesia (Moeljohardo, D.S., ed.), pp.32-38.

23 Tanphaichitr, N., Siwarungson, N., Chalermisrachai, P. and Svasti, J.  (1984)  Nuclease
Digestion of Rat Testis Nuclei with TH1 and TH2B.  Proceedings, Third Symposium of the
Federation of Asian and Oceanian Biochemists, Bali, Indonesia (Moeljohardjo, D.S., ed.), pp.
59-68.

24. Wattanaseree, J., Svasti, J., Bubpaniroj, P. and Mitranond, V.  (1984)  Effect of Vitamin
A Deficiency on the Testis-Specific Basic Proteins of the Rat.  J. Biochem. (Tokyo) 95,
179-186.

25.  Reid, W.A., Vongsorasak, L., Svasti, J., Valler, M.J. and Kay, J.  (1984) Identification of
the Acid Proteinase in Human Seminal Fluid as a Gastricsin Originating in the Prostate.
Cell Tiss. Res.  236, 597- 600.

26. Yongvanich, T. and Svasti, J.  (1984) Structural Differences between Somatic H2B and
Testis- Specific TH2B Histones of the Rat.  Experientia  40, 845-846.

27. Tanphaichitr, J., Svasti, J. and Sobhon, P. (1984) Molecular Mechanism of the
Antifertility Effects of Gossypol: a review. J. Sci. Soc. Thailand 10, 197-206.

28. Reid, W.A., Liddle, C.N., Svasti, J. and Kay, J. (1985) Gastricsin in the Benign and
Malignant Prostate. J. Clin. Pathol.  38, 639-643.

29. Vongsorasak, L. and Svasti, J.  (1985) Inhibition of Liquefaction and Protein
Degradation of Human Semen by Gossypol. Int. J. Androl.  8, 472-486.

30. Svasti, J.  (1986)  Analysis of Amino Acid Sequence.  In Application of Genetic Engineering
on Tropical Disease Pathogens with Special Reference to Plasmodia: a laboratory manual of selected
techniques (S. Panyim, P. Wilairat and Y. Yuthavong, eds.), UNDP/World Bank/ WHO
TDR, pp. 247-259.

31. Vongsorasak, L. and Svasti, J. (1986) Gossypol Prevents Activation of Purified
Proenzyme of Human Seminal Plasma Acidic Proteinase.  Biochim. Biophys. Acta. 883,
271-276.

32. Manavanich, C., Anguravirutt, S. and Svasti, J. (1986) Effect of Gossypol on Lactate
Dehydrogenase Isozymes of the Rat. In Contemporary Themes in Biochemistry (Kon, O.L. et
al., ed.), ICSU Short Reports Vol. 6, Cambridge University Press, pp. 304-305.
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33.  Boontrakulpoontawee, P., Yongsuwan, S., Svasti, J., Winichagoon, P. and  Fucharoen, S.
(1986) Characterisation of Hemoglobin Variants in Thailand.  In Contemporary Themes in
Biochemistry (Kon, O.L. et al., ed.), ICSU Short Reports Vol. 6, Cambridge University
Press, pp. 606- 607.

34.  Boontrakulpoontawee, P., Svasti, J., Fucharoen, S. and Winichagoon, P. (1987)
Identification of Hb Lepore-Washington-Boston in Association with HbE in a Thai
Female. Hemoglobin  11, 309- 316.

35.  Yongsuwan, S., Svasti, J. and Fucharoen, S. (1987) Decreased Heat Stability Found in
Hemoglobin Queens.  Hemoglobin 11, 567-570.

36. Boontrakulpoontawee, P., Svasti, J., Fucharoen, S. and Winichagoon, P. (1988) Double
Heterozygosity for HbE and a Lepore-type Hemoglobin in a Thai Woman.
Thalassemia:Pathophysiology and Management Part A (Fucharoen, S., Rowley, P.T. and Paul,
N.W., eds.), Alan R. Liss, Inc., New York, pp. 269-274.

37. Svasti, J. (1992) Federation of Asian and Oceanian Biochemists: where now after twenty
years. Trends in Biochem. Sci. 17, 53- 55.

38. Svasti, J., Surarit, R., Srisomsap, C., Pravatmuang, P., Wasi, P., Fucharoen, S., Blouquit,
Y., Galacteros, F., and Rosa, J. (1993) Identification of Hb Anantharaj [�11(A9)Lys	
Glu] as Hb J- Wenchang-Wuming [�11(A9)Lys	Gln]. Hemoglobin 17, 453-455.

39. Siriboon, W., Srisomsap, C., Winichagoon, P. Fucharoen, S., and Svasti, J. (1993)
Identification of Hb C [�6(A3)Glu	Lys] in a Thai Male.  Hemoglobin 17, 419-426.

40. Svasti, J., Srisomsap, C., Siriboon, W., Fucharoen, S., Winichagoon, P., Pravatmuang, P.
and Surarit, R. (1993) The Structure of Abnormal Hemoglobins in Thailand.  Recent
Advances in Molecular and Biochemical Research on Proteins (Wei, Y.-H., Chen, C.-S. and Su,
J.-C., eds), World Scientific Press, Singapore, pp. 197-200.

41. Svasti, J., Boontrakulpoontawee, P., Yongsuwan, S., Sarikaputi, M., Siriboon, W.,
Srisomsap, C., Fucharoen, S., Winichagoon, P., Pravatmuang, P., and Surarit, R. (1994)
Structural Analysis of Proteins in Thailand: Identification of abnormal hemoglobins.
Pure & Appl. Chem. 66, 105-110.
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endoperoxide from Jatropha integerrima roots. Tetrahedron Letters. (2003), 44(18), 3637-
3640.

26. P. Kongsaeree, C. Samanchart, P. Laowanapiban, S. Wiyakrutta, V. Meevootisom.
Crystallization and Preliminary X-ray Crystallographic Analysis of D-Phenylglycine
Aminotransferase from Pseudomonas stutzeri. Acta Crystallographica Section D. (2003),
59(5), 953-954.
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entomopathogenic fungus Verticillium hemipterigenum BCC 1449. Journal of Antibiotics.
(2003), 56(7), 647-651.

32. S. Youngme, G. A. van Albada, N. Chaichit, P. Gunnasoot, P. Kongsaeree, I.
Mutikainen, O. Roubeau, J. Reedijk, U. Turpeinen. Synthesis, spectroscopic
characterization, X-ray crystal structure and magnetic properties of oxalato-bridged
copper(II) dinuclear complexes with di-2-pyridylamine. Inorganica Chimica Acta.
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