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CHAPTER 1

BACKGROUND

1.1 Metabolism in Escherichia coli

The major food sources for bacteria to live are carbohydrates, especially more
common monosaccharides and disaccharides such as glucose, maltose and lactose.
Depending on the availability of the substrates, specific genes that express proteins
needed for uptake and consequent metabolism are encoded. Therefore, if a particular
substrate is not available, genes involved in the metabolism of that substrate are repressed
[1]. In Escherichia coli, glucose and fructose are preferred carbon sources and other
sugars such as maltose, lactose and arabinose are less preferred. Therefore, if preferred
carbon sources are available, proteins required for the metabolism of less favored carbon
sources are not synthesized, which is known as carbon catabolite repression (CCR).
After the availability of the favored carbon sources is exhausted, proteins needed for the
transport and metabolism of more complex sugars are synthesized depending on their

presence in the environment [1].



The major role in bacterial CCR is performed by the phosphoenolpyruvate-
dependent sugar phosphotransferase system (Figure 1-1) [1-3] The PTS is an enert
conserving transport system, that uses PEP to phosphorylate carbohydrates during
[1-2]. The energy required for the phosphorylation and the translocation of carbohyc
generated by PEP [4Many sugars are transported by PTS, for example, glucose, fri
and mannose, while other sugars, such as lactose, melibiose, and are no{3]. The

former is called PTS sugars and the latter is callec-PTS sugars [5].
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Figure 1-1. The phosphoenolpyruvat-dependent phosphotransferase syste
(PEP-PTS) for glucose.PEP phosphorylates Enzyme | (EI) followed by
phosphoryl transfer to histidi-contining phosphocarrier protein (HPr), whi
participatesn the transport of all sugars. The phosphoryl transfer to componer
Enzyme Il (ElIA) occurs, subsequently, to component BC of Ell (EIIBC).
Enzyme Il components are specific to individwugars with EIlA" and EIIB
being specific for glucose. Phosphorylated EIIA activates adenylate cyclast
nonphosphorylated EIIA inhibits n-PTS transport proteins such as the lac
permease [3, 5].
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One of the essential molecules in PTS is Enzyme Il (Ell) consisting of at least three
functional components: EIIA, EIIB, and EIIC. EIIA is a separate subunit in EboolEIIB
and Ell C are linked. Each component is specific for a particular sugar such 5§ 8BHA
glucose. EII&"controls the synthesis of cyclic adenosine monophosphate (cAMP) and the
activity of many membrane-bound transport systems [2]. The mechanism of catabolite
repression is based on the level of cCAMP, which is a product of adenylate cyclase that is
regulated by ENK" of the PEP-PTS system [6]. The concentration of CAMP is lowered if
glucose is present [7]. More specifically, the phosphorylated$I&&tivates the adenylate
cyclase, leading to the regulation of cAMP concentration in the cell, while non-
phosphorylated ENA" hinders some proteins that are necessary in the metabolism of non-
PTS carbohydrates, such as the lactose permease and MalK, a protein which restricts the

activity of the transcriptional activator for the maltose regulon (see section 1.3) [2, 4, 8].

1.2. Transcriptional Regulation in Bacteria

It takes only minutes for prokaryotes to respond to sudden environmental changes
while eukaryotic cells need hours to days. The reason for such a quick response to the
environment is because transcription and translation are closely coupled in prokaryotes [7].
The expression level of proteins depends on the physiological conditions of bacterial cells
and the protein expression is controlled by the level of transcription [2]. The level of
transcription is under the control of transcriptional regulation, which turn on and off the

expression of genes depending on the needs of the cells [2].



An operon is a cluster of consecutive genes under the control of a single promoter (a
site that precedes the transcribed portion of the gene) and an operator (a control site) (see
Figure 1-2) [2, 9]. The operator acts as a regulator and controls the expression of the genes
in the operon as a group. The regulon, on the other hand, is a collection of genes or operons
whose expression is controlled by the same regulatory protein or proteins [10]. The genes of
the operon are located closely together whereas those of the regulon can be spread over the

entire genome.

Unigue regulatory sequences are present in the genome so that particular enzymes or
regulatory proteins are able to bind and regulate the transcription of their target genes. In
prokaryotes, regulatory proteins such as activators and repressors bind to a specific site on
the DNA molecule for the control of transcriptional initiation. An activator protein binds to a
specific control site to stimulate the initiation of transcription while a repressor protein binds
to an operator or a promoter, leading to the prevention of the transcription initiation [9]. For
instance, the CAP-cAMP (catabolite activator protein with cyclic adenosine monophosphate)
complex stimulates the transcription of catabolite repressed operons and thus CAP is a
positive regulator by initiating transcription [7]. Another example of a positive regulator is
MalT, which is a transcriptional activator for the maltose regulon that binds to operator sites
to control the expression of mgenes (see section 3.1). The sites for positive regulators are
found upstream of the promoter and the activity of the RNA polymerase is enhanced by

binding of the activator, leading to transcription initiation [2].



There are several well studied operons and one of themlac operon inE. coli
(Figure 1-2). Théac operon consists of consecutigenes, Z[f-galactosidase),
(galactoside permease), and A (thiogalactoside transacetylase), that encode proteir
the metabolism of lactose. Tlacl gene, which is located in ttac operon, encodes tlac
repressor that binds to thee promoter in the lasence of allolactose (an inducer), leadin
the prevention of transcription of the structural genes (genes which specifically er
polypeptide) [7, 9] A small amount of lactose will be modified to allolactose if lacto
available, and it will bind to the repressor. As a result, RNA polymerase is able to initi
transcription of the stictural genes (Z, Y, and 49]. Since glucose is the most favora
food source for E. colithe expression of more than 100 genes involved in the metabol
other food sources such as lactose is prevented if enough glucose is available, wh
basis of the CCRSince the promoter of ttlac operon is a CARlependent promoter, tl
transcription of structural genes is further stimulated when the-cAMP complex binds t
the CAPeAMP binding site of thlac operon in the absence of adequate amounts of gl

(Figure 1-2) [7].

{ac operon

* structural genes
CAP-cAMP promoter
I gene binding site operator Z gene Y gene A gene
transcription of ZYA genes/ /pf evention of transcription
LAYy repressor
polymerase

Figure 1-2. Thelac operon inE. coli. The open black box represents the D
sequence. The | gene encodes the repressor that binds to the operator site, |
the prevention of transcription of tlac operon in the absence of timelucer. Whet
lactose is availablgn inducer generated from lactose binds to the represso
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releasing it from the DNA, thereby RNA polymerase can bind to the promoter and
transcribe the structural genes Z, Y, and A. [9].

1.3. The Maltose System

The maltose system is another notable example of transcriptional regulation in E. coli
[2]. The maltose system is responsible for the catabolism of maltodextrins and glucose
polymers containing up to 7 to 8 glucose units [6]. The maltose regulon is composed of five
operons fla EFG, malK-lamB-malM, malPQ, malS, and malZ, and in E. colithere are ten
mal genes that are regulated by MalT, the transcription regulator [6, 11]. There are many
genes that affect maltose metabolism and regulation ofjemre¢ expression and not all of
them are part of the maltose regulon [6]. In this dissertation, the regulator MalT is the focus.
The product of each gene of the maltose operon is a periplasmic, cytoplasmic or membrane
protein. The operonsal EFG and malK-lamBencode the binding protein dependent ABC
transporter, malRand malQencode essential enzymes, and malS and realcbde
nonessential enzymes for maltose and maltodextrin metabolism [11]. malikd&al K-
lamB-malM rely on the binding of CAP-cAMP in addition to MalT while malR@d malZ
do not [6, 12]. However, the function of malMinother malgene regulated by MalT, is still

unclear [6].

MalT, which is a positive regulator, is the transcriptional activator fomddeenes
and is encoded hyalT [2, 6, 12-13]. Since the expression of m@Tunder the regulation of
the CCR, it is controlled by the CAP-cAMP complex and repressed by Mic (make large

colonies), which is a regulatory protein of the PTS and curbs the utilization of glucose and is



inactivated by EIIB* (Figure -3) [2, 6, 11-12].MalT is activated by multimerizing, whic
is induced by maltotriose and ATP and repressed by MalK, MalY, and Aes (see sect
[14]. MalY and Aes repress MalT by bindithe Nterminus of MalT, which is also tt
ATP binding site, and competing with maltotriose for MalT bin(2]. It seems that th
mechanism for these proteins to inhibit the MalT activity is similar but their binding sit

not identical, although they do seem to ove[15].
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Figure 1-3. The regulation of the maltose system iE. coli. (A) The expressio
of malT is activated (+) by CA-cAMP and repressed)(py Mic. MalT is activate«
by ATP and maltotriose and repressed by Aes, MalY, and I[2, 16]. (B) The
expression of some of tmeal genes is activated by the active form of MalT (act
and the CAREAMP comple:, whereas the control of some of the otfmal operons
only depend on active Mal

The maltose system can be induced by csugars besides maltodextrins, sucl
galactose, lactose, and trehalose. Furthermore, maltotriose can be generated endt
without maltodextrins [11] It is suggested that there is a free internal unphosphor
glucose generated in E. candit is involved in the pathway of endogenous maltotr
biosynthesis, leading to the induction of the maltose system. However, the origin

glucose is still unclear [11]0One of the inducer®r MalT, maltotriose, is formed whe



maltodextrin or non-maltodextrin is available to the cells and, therebygenals are also

induced with the degradation of galactose or lactose [11].

There are still many functions that are unclear in the maltose system. To better
understand this remarkable E. caotietabolic system, the crystal structure of Aes, one of the
down-regulators for MalT, has been determined in this study since the crystal structure
determination of the protein gives insight into functions and assemblies of the protein.
Moreover, additional studies on the structures of MalT have begun to better understand the

maltose system.



CHAPTER 2

ACETYL ESTERASE

2.1 Introduction
2.1.1 Literature Review for Aes

An acetyl esterase, also known as Aes from Escherichig @l soluble protein
consisting of 319 amino acids. Aes, whose molecular weight is 36 kDa, is involved in
catabolic carbohydrate metabolism [17-18]. Aes belongs to the hormone sensitive lipase
(HSL) family [19-21] and hydrolyzes substrates whose acyl chain length is less than eight
carbons, and an example reaction is shown in Figure 2-1. Aes does not effectively
hydrolyze large molecules such as trioleoyl glycerol and cholesterol oleate, thus showing

no lipase activity [11, 19].

(”) Aes (")
CH3CH2CH2-C—0‘©—N02 — > CH;CH,CH,-C—OH + HO—©—N02

p-nitrophenyl butyrate butanoic acid p-nitrophenol
Figure 2-1. Acetyl esterase activity of Ae The reaction above is carried out as the
colormetric enzyme assay in order to know whether purified Aes is active. Aes
catalyzes the hydrolysis of p-nitrophenyl esters of fatty acids whose acyl chain length
is less than eight carbons.



Besides the catalytic activity, Aes down regulates MalT, which is the transcriptional
activator of the maltose regulon [15, 22-23] (see section 3.1). Moreover, a recent study
suggests that an interaction forms between Aes agadactosidase [24]. The E. calt
galactosidase catalyzes the hydrolysia-tihked-galactosides such as those found in the
more complex sugars raffinose and melibiose [25]. Since Aes interacts with several
important proteins in E. calit should play critical roles in the control of carbohydrate

metabolism.

Aes is evolutionary related to the mammalian HSL, which is a member of the
GDXG (X can be any amino acid) family, suggesting histidine or serine will be in the
active site in either the residues 87 to 103 (LFYLHGGGFILGNLDTH) and/or 158 to 170
(IGFAGDSAGAMLA) [32]. The Gly-X-Ser-X-Gly pattern is found to be the consensus
sequence around the active serine of the HSL family and is also found in esterases, serine
proteases and lipases. Even though the GXSXG pattern is found in lipases, esterases and
serine proteases, the tertiary structure of the serine proteases is different from the others
and aspartate is sometimes substituted with glutamate to form the catalytic triad in some
proteins [26-29]. Besides the GXSXG pattern, HGGG or HG for the lipolytic lipase
(LPL) family (LPL, hepatic and pancreatic lipases) is also a conserved pattern in these:

HSL, EST (carboxylesterases), and lipases families [20].

The enzymatic catalysis is necessary for living system and the active site

(catalytic site) is the pocket where the enzyme-catalyzed reaction takes place. The

10



substrate is bound to the active site, which encloses and sequesters it from the solution
[10]. The catalytic triad, consisting of Ser, His, and Asp, is found in the active site of
certain enzymes, such as proteases, and plays the critical role in the enzymatic activity.
Therefore, the recognition of the active site of the enzyme will lead to a better
understanding of the function of the enzyme. According to recent studies, the catalytic
triad of Aes is suggested to be Serl65, Asp262 and His292, and this triad is conserved in
distantly related prokaryotes as well as in the mammalian hormone sensitive lipase (HSL)

[20, 30].

Aes is classified as a lipolytic enzyme (PROSITE: PDOC00903) [31-32] and
there are different classes of lipolytic enzyme produced in bacteria: carboxylesterases,
lipases and phospholipases. Caryboxylesterases hydrolyze small esters and lipases
hydrolyze the ester bond in long triglycerides. The substrates of carboxylesterases are
soluble while lipases act efficiently on the insoluble part of the substrate. Such enzymes,
which come from fungus or bacteria, are used in biotechnology as food ingredients,
biocatalysts, and pitch control in the pulp and paper industry [30]. Therefore, a better
understanding of such proteins will help in the discovery and development of novel

enzymes used in these fields.

2.1.2 Classification and HSL
Cholinesterases, carboxylesterases, esterases, and lipases are the members of the

o/p hydrolase fold family that shares the similar structure of a censilaégt surrounded
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by o-helices. This family is separated into three subfamilies, C-family, L-family and H-
family. More specifically, acetylcholinesterases, cholesterolesterases, carboxylesterases,
neuroactins and lipases from fungi belong to the C-family, lipases such as pancreatic
lipase and lipoprotein lipase belong to the L-family, and hormone-sensitive lipase (HSL)
and lipases from bacteria fit in the H-family [33]. HSL shows high relative activity at

low temperature, below 15 °C, however, interestingly, the sequence similarity is observed
in thermophilic (high temperature loving), mesophilic (moderate temperature loving) and
psychrophilic (low temperature loving) organisms [34]. Therefore, temperature stability
and activity preferences among them are not from the sequence conservation [30]. HSL
is involved in many different metabolic processes and are present in heart, skeletal
muscle, testes, and brown adipose tissue but not present in kidney and liver. Since HSL
plays a role in energy metabolism, it may be involved in diabetes and obesity. HSL
releases energy by hydrolyzing triacylglycerol, which is the major energy source for the
heart, to glycerol and fatty acids under hormonal and neural control [35]. HSL is also in
charge of hydrolysis of the neutral cholesterol ester in macrophages [36]. Therefore, it is
possible that the accumulation of cholesterol ester in atherosclerosis would be reversed
by the activation of HSL [35]. Moreover, cold adaptability could be controlled by HSL

in poikilotherms whose body temperature varies with the environment and hibernators
that depend on fat stores as their energy source during winter [37]. Therefore, it should
be necessary for HSL to function at lower temperatures. HSL is a unique enzyme whose
activity is controlled by cAMP-dependent phosphorylation and its structure obtained

from sequence information and modeling is hot homologous to other lipases, suggesting a

unique function [38]. Therefore, it is interesting to understand the structure and function
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of HSL that is involved in the energy homeostasis [38-39]. Moreover, since Aes from E.

coli is homologous to the catalytic domain of HSL even though the whole HSL structure

may be different to Aes, the structure determination of Aes should lead to understanding
the functional and evolutional relationship of proteins belonging to the H-family

including HSL [19-20, 40].

2.2 Materials and Methods
2.2.1 Genomic DNA lIsolation from Escherichia coli

One ShoTOP10 Chemically Competent Escherichia caells E. coli K12
strain, Invitrogen) were used to isolate genomic DNA [41]. First, 5 mL Luria-Bertani
(LB) liquid media with 50 pg/mL ampicillin (LB/Am) was inoculated with E. coli
cells and incubated at 37 °C overnight with shaking (200 rpm, MaxQ 500 shaking
incubator, Barnstead Lab-Line). An aliquot (1.5 mL) of the culture was centrifuged
(Marathon microcentrifuge, Fisher Scientific) in a microcentrifuge tube and the
supernatant was discarded. The pellet was then resuspended in 567 pL TE (50 mM Tris-
HCI pH 8.0 and 10 mM EDTA (ethylenediamine tetraacetic acid)) buffer by pipetting and
30 pL of 10% SDS (sodium dodecyl sulfate) and 3.0 pL of 20 mg/mL proteinase K were
added. The solution was mixed well and incubated for 1 hour at 37 °C. Sodium chloride
(100 pL of 5 M) was added to the solution and mixed well, followed by the addition of
80 uL of CTAB/NaCI solution (prepared by dissolving 4.1 g NaCl in 80 mL water and
adding 10 g hexadecyltrimethyl ammonium bromide (CTAB) while heating at 65 °C,

adjusting the final volume to 100 mL). Afterwards, an equal volume of 24:1

13



chloroform/isoamyl alcohol was added, mixed thoroughly, and spun for 5 minutes in a
microcentrifuge. The aqueous supernatant was transferred to a fresh microcentrifuge
tube, an equal volume of 25:24:1 phenol/chloroform/isoamyl alcohol was added to the
supernatant and the mixture was spun in a microcentrifuge for 5 minutes. The
supernatant was transferred to a fresh microcentrifuge tube and 0.9 mL of isopropanol
was added to the supernatant to precipitate the genomic DNA. The mixture was shaken
well and spun in a centrifuge to harvest the DNA. The DNA was washed with 70%
ethanol in water and centrifuged for 5 minutes to repellet. The supernatant was removed
carefully and the pellet was dried by blotting on a paper towel. Afterwards, the pellet of

DNA was redissolved in 100 pL TE buffer and stored at -4 °C.

2.2.2 Polymerase Chain Reaction and Gel Extraction of PCR Product

The aes genaés) was amplified by polymerase chain reaction (PCR) using a
PTC-150 Minicycler (MJ Research). The forward primer 5’-
CACCATGAAGCCGGAAAACAA ACTAC-3’ and reverse primer 5'-
CTAAAGCTGAGCGGTAAAGAACTG-3' were purchased from Invitrogen and these
primers were diluted with sterile deionized water to 20 uM to be used in PCR. To
perform PCR, 5.0 puL of 10X AccuPrime PCR Buffer Il (Invitrogen), 1.0 - 4.0 pL of both
the forward and reverse primers (20 uM), 1.0 - 4.0 pL of DNA isolated E.ali
(section 2.2.1), and 1.0 pL AccuPrime Tag Polymerase (Invitrogen) and sterile distilled
water to adjust the final volume to 50 pL, were mixed in sterile PCR tubes. It the 1
cycle, the DNA was denatured for 6 minutes at 94 °C, annealed for 30 seconds at 55 °C,

and extended for 1 minute at 68 °C. From tMe@the 38 cycle, denaturation for 45
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seconds at 94 °C, annealing for 30 seconds at 55 °C, and extension for 1 minute at 68 °C

were performed. As the final cycle, extension was done for 5 minutes at 68 °C (Table 2-

1).
Table 2-1. Programusedin minicycler in order to amplify aesby PCR. The
minicycler was programmed in this way in order to amplify. aes
1% Cycle 29 -30" Cycle Final Cycle
Denaturation 94 °C 6 min. 45 sec.
Annealing 55 °C 30 sec. 30 sec.
Extension 68 °C 1 min. 1 min. 5 min.

Most of the 957 bp PCR product (40 uL) was mixed with 8.0 pL of loading buffer (30%
glycerol, 20 mM EDTA, and 100 pg/mL crystal violet) and loaded onto a 1.0 % agarose
gel (1.5 g agarose in 150 mL of TAE (Tris-acetate-EDTA: 40 mM Tris pH 7.6, 20 mM
acetic acid, and 1 mM EDTA buffer)) with 750 uL of crystal violet solution (2 mg/mL) in
deionized water for the detection of the PCR product. The PCR product was verified
through agarose gel electrophoresis (80 V for 3 hours, Sub-Cell GT agarose gel

electrophoresis, BioRad).

The Invitrogen PureLink Quick Gel Extraction Kit was used in order to purify the
PCR product from the agarose gel so that any impurities were removed from the PCR
reaction mixture. The bands containing the correct size of the PCR product were cut
from the agarose gel with a sterile razor blade and up to 400 mg of gel were placed into
1.5 mL microcentrifuge tubes. The Gel Stabilization Buffer (GS1) was added to the tube

with 30 uL for every 10 mg of the gel. The tube was incubated for 15 minutes at 50 °C
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with mixing every 3 minutes. After the gel slice was visibly dissolved, the tube was

incubated for an additional 5 minutes to ensure the complete dissolution of the gel.

The mixture was transferred into the Quick Gel Extraction Column that was placed onto
the Wash Tube and spun for 1 minute in the microcentrifuge at the maximum speed. The
flow through was discarded, 500 pL of GS1 was added to the column, and the tube was
incubated at room temperature (RT) for 1 minute. The flow through was discarded and
700 pL of Wash Buffer (W9) with 70% ethanol was added to the column, followed by
incubation at RT for 5 minutes. Afterwards, it was centrifuged for 1 minute and the flow
through was discarded. The tube was centrifuged for 1 more minute to ensure that any
buffer was removed. The column was placed onto the Recovery Tube and 50 uL of pre-
warmed Tris-HCI (10 mM, pH 8.0) was added to the center of the cartridge. The tube
was incubated at RT for 1 minute and centrifuged for 2 minutes at the maximum speed.

The purified DNA was stored at -20 °C.

The agarose gel electrophoresis was performed to confirm the size of the purified
PCR product in the same manner as written above except for using ethidium bromide (EB,
0.5 pg/mL of agarose gel) for the detection of the DNA. The DNA was visualized with
UV light and the concentration of the purified PCR product was determined as 4-10 pg/
pL according to the DNA mass ladder (Invitrogen). Afterwards, the purified PCR

product was used to construct the plasmid.
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2.2.3 The TOPO Cloning Reaction and Transformation

The TOPO cloning reaction was performed using the ChaibioET
Directional TOPO Expression Kits (Invitrogen) [42]. Reaction mixtures were prepared in
sterile microcentrifuge tubes ((A), (B), and (C) in Table 2-2), followed by the incubation
at RT for 5 minutes. Two negative controls (tubes (A) and (B)) and one positive control
(tube (D)) were performed in order to check the background of vector and PCR product,

and the competency of the E. cslrain.

Table 2-2. Reaction mixtures set up for the TOPO cloning reactior (A) and (B)
are negative controls to check the background of the PCR product and the vector,
respectively. (C) is the cloning reaction mixture. (D) is the positive control using
control pUC 19 that is a part of the TOPO expression kit. Values are in pL.

(A) (B) (©€) (D)
Gel extracted PCR product 1.5 - 1.5 -
Salt solution 1 1 1 -
Sterile water 3.5 4 2.5 -
TOPO vector - 1 1 -
pUC 19 - - - 1
Total volume 6 6 6 1

After the incubation, the tube was transferred onto ice and 3.0 pL of the reaction
mixture was mixed into a vial of One Shot TOP10 Chemically Competent E. coli
(Invitrogen) on ice without pipetting up and down. For (D), pUC19 (1 pL) was added
directly to a vial of competent cells on ice. The vials were incubated on ice for 15
minutes and then the bacterial cells were heat-shocked for 30 seconds at 42 °C in a water
bath. The vials were transferred back to the ice bath and 250 pL of room temperature
S.0.C. medium was added to each of the vials. The mixtures were then incubated
horizontally at 37 °C with shaking at 200 rpm for 1 hour. An aliquot (200 uL) of each of

the transformation mixtures were spread using a sterile bent glass rod on pre-warmed (37
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°C) LB agar plates containing 100 pg/mL of ampicillin (LB/Affh The plates were

inverted and incubated overnight at 37 °C.

2.2.4 Analysis of the Transformants

Well isolated colonies (about 10 colonies) were picked using sterile toothpicks
from the LB/Amp® agar plate and each colony was used to inoculate 10 mL of
LB/Amp*® medium. They were cultured for 12 hours at 37 °C shaking at 200 rpm. For
propagation and maintenance of the plasmid, 0.9 mL of the culture was mixed with 0.3

mL of 60% sterile glycerol solution in a 2 mL cryo-vial and stored at -80 °C.

The cells were harvested with centrifugation at 4500 rpm for 5 minutes at 4 °C
(Allegra X-15R Benchtop Centrifuge, Beckman Coulter) in order to isolate the plasmid
from the cells with the use of the Wizard Plus SV Miniprep DNA Purification System
(Promega) [43]. The supernatant was discarded and the tube was inverted onto a paper
towel so that the supernatant was removed from the tube. The pellet was resuspended in
250 pL of the Cell Resuspension Solution (50 mM Tris-HCI pH 7.5, 10 mM EDTA, and
100 g/mL RNase A) by vortexing. The resuspended cells were transferred to a sterile 1.5
mL microcentrifuge tube and mixed with 250 uL of the Cell Lysis Solution (0.2 M
NaOH and 1% SDS) by inverting the tube 4 times. The mixture was incubated at RT for
4 minutes and 10 pL of Alkaline Protease Solution was added to the mixture, followed by
inverting the tube 4 times. The mixture was incubated at RT for 5 minutes. This process

inactivates the endonuclease and other proteins released during the lysis of bacterial cells.
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A 350 pL volume of the Neutralization Solution (4.09 M guanidine hydrochloride, 0.759
M potassium acetate, and 2.12 M glacial acetic acid) was then added to the mixture and
immediately mixed by inverting the tube 4 times. The lysate was spun at maximum
speed with the Marathon Microcentrifuge (Fisher Scientific) for 20 minutes at RT. The
cleared lysate was then transferred to the Spin Column, which was inserted into a 2.0 mL
Collection Tube. It was centrifuged at maximum speed for 1 minute at RT. The flow
through was discarded from the tube and 750 pL of the Column Wash Solution (60 mM
potassium acetate, 8.3 mM Tris-HCI, 60 % ethanol, and 0.04 mM EDTA) was added to
the column. The tube was spun for 1 minute at RT and the flow through was discarded.
The column was washed with 250 pL of Column Wash Solution and spun for 2 minutes
at RT. The Spin Column was placed into a sterile microcentrifuge tube and the plasmid
was eluted by the addition of 100 pL of Nuclease-Free water, followed by centrifugation

for 2 minutes. Afterwards, the isolated plasmid was stored at -20 °C.

To confirm the presence of the insert of the aes gesg the plasmid was
subjected to restriction enzyme digestion and the fragments (2 kbp and 4 kbp fragments
were expected to be seen on the agarose gel Wassnserted) were run on a 1%
agarose gel. As shown in Table 2-3, 6.5 pL of the sterile deionized water, 8 uL of
plasmid DNA (10 pg/uL), 4 puL of MultiCore Buffer (Promega), and 0.5 pL acetylated
BSA (10 pg/pL) were mixed in sterile microcentrifuge tubes and centrifuged for 30
seconds. The restriction enzymes Sacl, which cuts the vector at position 416, and

EcoRV, which cuts the vector at 556 and 4167, (both are from Promega), were added to
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the tubes gently by pipetting and the tubes were spun for 30 seconds. The tubes were

then incubated in a water bath at 37 °C for 2 hours [44].

Table 2-3. Restriction enzyme digestior The following components were mixed

in sterile microcentrifuge tubes to verify the plasmids by use of restriction enzymes.
Sterile deionized water 6.5 pL

10x restriction enzyme buffer (multicore) 4.0 uL

Acetylated BSA (10 pg/ plL) 0.5 puL

Plasmid DNA (ng/uL) 8.0 uL

Sac | (10 units/ul) 0.5puL

Eco RV (10 units/ul) 0.5 uL

Total volume 20.0 pL

A 1.0 % agarose gel was prepared in the same way as stated in section 2.2.2 using
ethidium bromide as a DNA detection tool. After the incubation of the plasmid with the
restriction enzymes, the digested samples (5 pL) were electrophoresed at 80 V for 2
hours. The plasmids that were confirmed to carry the insert by the restriction enzyme
analysis were further verified with DNA sequencing at the Recombinant DNA/Protein
Resource Facility of the Biochemistry and Molecular Biology Department (Oklahoma
State University). The T7 promoter and terminator primers were used to verify the insert

of aesinto the pET100/D-TOPO vector with the correct size and orientation.

2.2.5 Over-Expression of Aes

The recombinant plasmids were transformed into BL21"${&E3) One Shot
cells (Invitrogen) which were designed for the expression of genes regulated by the T7
promoter. To transform the construct, 2 pL of the plasmid DNA (10-15 pg/pL) was

added into the vial containing BL21 Star cells on ice and stirred gently with a pipette tip.
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The vials were incubated on ice for 30 minutes and then heat-shocked for 30 seconds at
42 °C in a water bath. The vials were immediately transferred back onto the ice,
followed by the addition of S.0.C. medium (250 uL, pre-warmed to RT). Afterwards,

the vials were incubated at 37 °C for 30 minutes with shaking at 200 rpm. The
transformation mixture (one vial per transformation) was added to 10 mL of LBfAmp

liquid medium (a seed culture) and grown overnight at 37 °C with shaking at 200 rpm.

Since each recombinant protein has different characteristics for its expression, a
time course study of the expression of Aes was performed in order to investigate the best
condition for the protein expression. Two aliquots of seed culture (750 uL) were used to
inoculate two tubes, each with 10 mL of LB/AHfip one tube was for the induction of
the protein and the other was not induced. The bacteria were grown for about 2 hour at
37 °C with shaking until an Oy reached 0.6. The cells in the first tube were induced
for over-expression of the recombinant protein with 1 mM of isoprpfiyid-
thiogalactopyranoside (IPTG, Sigma) and an aliquot (500 pL) from each tube was
collected in a microcentrifuge tube and centrifuged for 30 seconds every hour, starting at
the time of induction. After discarding the supernatant, cell pellets were frozen at -20 °C
for later sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

analysis. The incubation of the remaining culture was continued at 37 °C for 6 hours.

To analyze the protein expression, pellets were thawed at RT and resuspended in

80 uL of SDS-PAGE sample buffer by vortexing. After incubation at 100 °C for 5
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minutes, the microcentrifuge tubes were centrifuged briefly and 5-10 pL of sample from
each tube was loaded onto a 15% SDS-PAGE gel, followed by electrophoresis at 200 V
for about 30 minutes using a Mini-Protein 3 Cell electrophoresis apparatus (BioRad)

[45]. The solubility of the protein was also studied by sonicating (Sonifier 150 Liquid
Processor, Branson) the pellet from 4 mL LB culture, which was resuspended in 500 pL
of ice-cold Buffer A (20 mM TrisHCI pH 7.9, 500 mM NaCl, and 20 mM imidazole), for

30 seconds and 1 minute rest on the ice bath. This process was repeated three times so
that the majority of the cells could be disrupted completely. The sample was centrifuged

at 4 °C for 1 minute to pellet insoluble proteins.

The supernatant was transferred to a microcentrifuge tube and 500 pL of 2x SDS-
PAGE sample buffer was added to the tube, followed by boiling at 100 °C for 5 minutes.
The pellet was resuspended with 450 pL of 1x SDS-PAGE sample buffer, boiled at 100
°C for 5 minutes, and spun for 1 minute. The samples from the supernatant (10 pL) and
the pellet (5 uL) were loaded onto a 15% SDS-PAGE gel and electrophoresed. Since
Aes (confirmed by westernblotting) was found more in the pellet (insoluble phase) than
in the supernatant (soluble phase), the optimal conditions for culturing to make Aes more
soluble was investigated. After trials, it was found that culturing should be carried out at

30 °C after the induction and the addition of lysozyme allowed Aes to be more soluble.

Since a large amount of protein was necessary to obtain protein crystals, the

expression of the protein was scaled-up. To scale-up the expression, 200 mL of
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LB/Amp*®was inoculated with 5 mL of the seed culture and incubated at 37 °C until the
ODs¢go reached 0.6. The over-expression of the Aes was induced by adding 1 mM IPTG
and the temperature was lowered to 30 °C and cultured for 4 additional hours with
shaking at 200 rpm. After the time course of the large scale expression study, Aes was
over-expressed and found mostly in the soluble phase. Thus, cells were harvested by

centrifugation at 4500 rpm, 4 °C and stored at -80 °C until needed.

2.2.6 Purification of Aes 1: Ni Chelate Affinity Chromatography

The cell pellet from 400 mL culture was resuspended in 10 mL of Buffer A and
0.005 g of lysozyme (Invitrogen) was added, followed by incubation with shaking (200
rpm) at RT for 15 minutes. The sample was then sonicated (initially Branson Sonifier
150 and then XL-2000 series Ultrasonic Liquid processors) on an ice bath for 30 seconds
and 1 minute rest three times. The lysate was centrifuged at 4500 rpm for 15 minute in a
sterile 50 mL falcon tube and then the supernatant was transferred to a 15 mL centrifuge
tube. The tube was centrifuged at 4500 rpm for a few hours until the supernatant became

clear.

The Biologic Duo-Flow Chromatography System (BioRad) was used to purify
Aes. Since the recombinant Aes contained an N-terminal poly-histidine tagNe$)s
immobilized metal affinity chromatography was used for the purification [46]. The
supernatant containing Aes was loaded onto the Hif P Column (GE Healthcare)

and Aes was eluted by a linear gradient with increasing imidazole concentration (1%
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increase of imizadole concentration per minute). During the purification process (flow
rate 1.0 mL/min), the buffer blender was used to blend Buffer A1 (40 mM TrisHCI and

1.0 M NaCl) and Buffer A2 (40 mM Tris and 1.0 M NaCl) so as to adjust the pH to 7.9.
This was further blended with Buffer B1 (deionized water) and Buffer B2 (1.0 M
imidazole). The linear gradient for the imidazole concentration was created by adjusting
the percentage of B2. Fractions were collected and select fractions were used for a 15 %
SDS-PAGE to verify the presence of Aes. Since Aes was eluted with 240 mM imidazole,
step wise purifications were performed for subsequent purifications, which eluted most of
the impurities at 20 mM imidazole, more tightly bound impurities at 100 mM and Aes at

500 mM imidazole.

2.2.7 Purification of Aes 2: Desalting Column Purification

Since impurities were not observed in fractions containing Aes on the 15% SDS-
PAGE gel after the Ni chelate affinity chromatography, samples were loaded onto the
desalting column (HiPrep 26/10 Desalting GE Healthcare) in order to remove excess
amount of imidazole and to exchange the buffer from Tris to Buffer B (25 mM
ammonium acetate pH 7.5, 150 mM NacCl, and 150 mM imidazole). The fractions from
the desalting column were analyzed with 15 % SDS-PAGE. Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometer (MALDI-TOF) at the recombinant
DNA/Protein Resource Facility of the Biochemistry and Molecular Biology Department
was used to confirm that Aes was present. Because purified protein was confirmed as
Aes, fractions were pooled and concentrated to 5 mg/mL with a 20 mL VIVA SPIN,

10000 molecular weight cut-off (MWCO) (ViVa Science) by centrifugation at 1500 rpm
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and 4 °C. The concentration was determined by the Bradford protein assay using BIO-
RAD Quick Star Bradford Protein Assay Kit [47]. Moreover, the enzyme assay using p-

nitrophenyl butyrate was performed to see whether the purified Aes was active [19].

2.2.8 Crystallization

To determine the preliminary crystallization conditions for Aes, Crystal S&teen
| and Il (Hampton Research) were used in the hanging drop vapor diffusion method [48].
The purified Aes sample in Buffer B (5 mg/mL, filtered with a 0.45 um HT Tuffryn
membrane filter) was used in the screening. For Screen | and Il, 24 well crystallization
plates (Hampton Research) were used and 750 pL of each reagent was pipetted into the
wells, which had the rim greased with high vacuum grease (DOW CORNING). On a
microscope cover slip (VWR), a droplet of 3.0 uL of Aes and 3.0 pL of the reservoir
solution was prepared, and the microscope cover slip was inverted over the well and
sealed with the grease. Conditions were duplicated for RT and 4 °C. For the Index
Screen (Hampton Research), the sitting drop vapor diffusion method was carried out with
a 96 well crystallization plate (Axygen). A 150 pL aliquot of screen reagent was pipetted
into the wells and 1.0 pL of Aes was mixed with 1.0 pL of the reservoir solution in a
smaller well formed in the plate for sitting drop experiments. Afterwards, the plate was
sealed with clear non-reactive tape and stored at RT. All plates were checked
periodically for crystal growth. In addition to these methods, a silica hydrogel (Hampton
Research) sitting drop vapor diffusion method was performed since rapid nucleation for

most of the conditions was observed, especially for plates at 4 °C.
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Crystals were found in a few weeks to a month with the following conditions (see
section 2.3.3): Index # 9, 12, 15, 44, 47, Screen | # 7, 20, and Screen Il # 31. Since
crystals formed in Screen | # 7 (0.1 M sodium cacodylate trihydrate pH 6.5 and 1.4 M
sodium acetate trihydrate) were single and relatively big, crystals were reproduced with a
hanging drop vapor diffusion method with 1.0 mL freshly prepared reservoir solution and
the crystallization condition was optimized to obtain well defined and high quality single
crystals. To optimize the crystallization conditions, the concentration of Aes, the pH of
the buffer, and the concentration of each reagent were altered. After optimization,

crystals of the size 0.45 x 0.35 x 0.15 frgrew in a few weeks.

2.2.9 Data Collection

Once good single crystals were formed, preliminary data collections were
performed. Before the data collection, single crystals were lassoed by a nylon loop (0.05
to 0.5 mm diameter, Hampton Research) from the drop, dunked in oil (Paraton-N,
Hampton Research), and then immediately mounted onto the goniometer head of the X-
ray diffractometer (Bruker Microstar) under a nitrogen cryo flow (100 K: Oxford
Cryosystems COBRA). The X-ray generator was set with the power at 2.5 kW (45 kV
and 60 mA). Once the crystal was mounted, it was aligned in the center of the X-ray
beam. To test whether diffraction occurs, various parameters were set as follows with the
system software (Proteum2) [49]. The distance from the goniometer to the detector was

set at 70 cm and exposure time was 120 seconds. If no diffraction was observed on the
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detection screen, the crystal was removed and other crystals would be mounted to test
whether diffraction occurred. If they diffracted, the unit cell was determined by

Proteum2 and exposure time was extended to 300 seconds with the distance being set at
120 cm for preliminary data collections [50]. More specifically, for the preliminary data
collection, a data collection scheme was developed by Proteum2 to expose the crystal to
the X-ray beam for several frames at different angles. Each frame was collected for 300
seconds followed by a 0.5 degree rotation of the crystal. A total of 724 frames were
collected. To determine the structure of Aes, diffraction data were collected for about 24

hours from a single crystal of Hid\es at the wavelength 1.5418 A.

After the data collection, raw data were processed with SAINT-NT and XPREP
[51-52]. More specifically, raw crystallographic data frames were converted by SAINT-
NT into integrated intensity sets with error analysis, background subtraction, etc. The
processed data were then analyzed by XPREP so as to determine the space group and
evaluate data statistically. The number of molecules per asymmetric unit was also

determined with Matthew’s coefficient (N using the following equation [53-54]:

Vi = V/ (N*M*X)

where V is the volume of the unit cell, n is the number of asymmetric units in the unit cell,

M is the molecular weight and X is the number of molecules in the asymmetric unit.
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When W, falls within the range from 1.68 to 3.53/Balton, the value of X is considered

to be most probable. The Matthew’s coefficient also gives the expected solvent content
(obtained by 1-1.23/y\) that should be in the range of 27 to 65%. After the

determination of the space group and the number of molecules per asymmetric unit, data
were transferred to a Linux based workstation (OS: Ubuntu) in order to convert .hkl data

to .mtz data that is hkl data in binary format used in CCP4 [55].

2.2.10 Molecular Replacement

In order to determine the initial phases for the data collected, molecular
replacement was carried out with PHENIX [56-57] using the homologous proteins: acetyl
esterase from Salmonella typhimuriuPDB code: 3GA7, 70% identity), hyper-
thermophilic carboxylesterase from Archaeon archaeoglobi8BDB code: 1JJI, 29 %
identity) [58], carboxylesterase from a metagenomic library (PDB code: 2C7B, 27%
identity) [59], thermophilic carboxylesterase EST2 from Alicyclobacillus acidocaldarius
(PDB code: 1EVQ, 26% identity) [60], and mutant M211S/R215L of carboxylesterase
EST2 complexed with hexadecanesulfonate (PDB code: 1QZ3, 26% identity) [57, 59-
63]. The percent identity for each homologous protein was obtained from RCSB PDB
(Research Collaboratory for Structural Bioinformatics Protein Data Bank) [64]. Since
initial phases were determined using a homologous protein, the acetyl esterase from
Salmonella typhimurium (3GA7), the amino acid sequence was based on this sequence.
Therefore, after phase determination, the amino acids were altered with the molecular
modeling software COOT [65] so that it would possess the same sequence as Aes from E.

coli K-12.
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First, molecular replacement was performed as follows with datagefeB4,
which was collected on a single crystal and refined in the rhomboh&&ace group.
The PDB file of 3GA7 was downloaded from the PDB and water molecules and a
phosphate were removed from the file so that only the protein coordinates of 3GA7 were
obtained. On a Linux workstation (OS:Ubuntu), phenix.automr data.mtz (reflection data
collected in this study3ga7.pdb rms=1.0 (pdb file of 3ga7), italicized letters being the
syntax to start the program, was carried out on the terminal. As a result, MR.1.pdb and
MR.1.mtz were generated as protein coordinates and phased structure factors to generate
the electron density map, respectively. In order to know whether the molecular
replacement worked for the initial phase determination, phenix.refine MR.1.pdb data.mtz
were performed. SincesR = 0.46663 dropped tosR = 0.4415 after the refinement,
initial phase determination was considered successful and then further investigations
were carried out as follows. The mtz file was opened in COOT to check whether protein
coordinates fit to the electron density map (rendered=at ®) and alternative
conformations were removed from the protein coordinates (saved as start.pdb). Then,
phenix.refine start.pdb data.mtz was performed andq{g = 0.4213 before refinement and
Riee = 0.4052 after the refinement were observed. After the refinement,
start_refine_002.def (show the result of refinement) was generated and then it was used
in further refinement. Some parameters were modified on start_refine_002.def as b-
factor = 20.0 and incorporated simulated annealing = True and then phenix.refine
start_refine_002.def was performed. After repeating these refinement stepg, R

lowered but Ree increased even though both R values should lower if molecular
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replacement succeeded in phase determination. Therefore, this phase determination was
considered not good enough for further structure determination. After trying the same
procedures for another dataset,s-A&s3 that was from a different crystal and also in the
rhombohedral space group (possibB) Rhe molecular replacement was not really

successful.

The same procedure was then performed with the datageA&t8, which was
from a single crystal that crystallized in the tetragorfaldpace group. Since it showed
better R values after refinements, protein coordinates generated from this data led to the
structure determination of Aes. According to the Matthew’s coefficient analysis and
molecular replacement, six molecules were found in the asymmetric unit. Therefore,
after initial phase determination, relationships among these molecules were investigated
with the molecular visualization program Rasmol in order to see the non-crystallographic
symmetry [66]. According to the symmetry investigation, there were three dimers in the
asymmetric unit in which chain A forms a dimer with chain E, chain C forms a dimer

with chain F, and chain B forms a dimer with chain D.

Afterward, the model of Aes ind? (Hiss-Aes2) was manually re-built with
COOT by adjusting the amino acid coordinates of the model used in the molecular
replacement to fit the electron density map obtained from the crystal data and the model
phases [65]. At the early stage of this process, model building was performed on chain A

and the same modification was applied to all other chains using “SSM superposed” on
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COOQT, which simply copied the modified chain A to the location of the other five
molecules. To achieve this, set reference structure = pdb file containing all chains and set
moving structure = chain A. Moreover, change chain ID from A to B so that the
modification on chain A is applied to chain B. Performing the same translation to the
other chains, six molecules in the asymmetric unit have the same structure as chain A.
Therefore, non-crystallographic symmetry (NCS) was applied while refining the model
with PHENIX. The model was alternatively refined with PHENIX (see section 2.2.11)

and built manually with COOT until the agreement between the data and model
converged, in other words,,f and Ree had reached to less than 30% and no more

improvement could be obtained [57, 67].

2.2.11 Refinements

After all the amino acids were altered to the ones corresponding to Aes from E.
coli, further investigations for each amino acid in chain A were performed with COOT in
order to obtain a better model of Aes. Initially, side chains of amino acids in chain A
were truncated into alanine if poor electron density was observed and the same changes
were applied to other chains as mentioned in 2.2.10. Moreover, since the electron density
was missing around residues 26 to 35, these amino acids were removed at this point.
Refinements, using PHENIX, were then performed with simulated annealing in order to
obtain a better model that fit to the electron density map [68]. After each refinement,
protein coordinates were observed in COOT to investigate whether the electron density
map had improved so that the residues truncated to alanine could be altered to the proper

amino acid. Depending on the density obtained from the refinement, some amino acid
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residues were altered or built to fit to the density map. The same modifications were also

performed on the other chains followed by refinement with PHENIX.

After several rounds of refinement, translation/libration/screw (TLS) [69-70] was
applied in the refinement. TLS parameterizes a model in a physically sensible form
(group) that will be refined by translation, libration, and screw components [71].

Initially, a TLS parameter file was prepared (tls_group_selections.params) where each
chain was treated as a group. Since there were 6 molecules in the asymmetric unit, chain
A was firstly refined and then copies of chain A were produced to generate all 6
molecules of the asymmetric unit along with simulated annealing and TLS to improve the

model and electron density map.

At the beginning, the electron density of an N terminal loop (residues 26-36) was
noisy and not contiguous as mentioned above. However, after several rounds of
refinement, part of this density appeared. Therefore, a few amino acid residues were
built step by step to complete the loop region around the N-terminus. Since this loop
region did not obey the NCS well with each chain showing a different conformation, this
region was excluded from the NCS definition and the loop of each molecule was
manually modeled based on the Ramachandran plot, torsion angle and geometry around
each amino acid residue. After the fifth round of refinement, water molecules were
added automatically by PHENIX. Moreover, investigations for some positive density

around the plausible active site for Aes were performed to determine what types of small
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molecules fit and were chemically and physically reasonable. However, these were not
successful. Therefore, the model without water molecules or small molecules were

retained and refined to determine the structure of Aes.

When almost all of the amino acid coordinates were built, Molprobity [72] was
performed to validate the model (see Table 2-7). According to the comprehensive
validation, there were still a few residues that were out of the preferred region in the
Ramachandran plot (see Table 2-8). Thus, these residues were manually refined and also
refined with TLS, and moderate NCS excluding residues that were unique among each

chain.

Afterwards, using the model, TLS Motion Determination (TLSMD) was
performed in order to analyze the flexibility of the protein crystal structure [73-74],
leading to the generation of a new TLS parameter file that better represents the motion of
the six molecules in the asymmetric unit of the crystal. After trying several different TLS
partitioning for each molecule, it worked better that chain A and F were partitioned into 5
parts, chain B and C into 4, and chain D and E into 3. Therefore, the TLS parameter file
for PHENIX was generated in the TLSMD server with this partitioning and used in
further refinements. In addition to this new TLS parameter, rotamer and geometry
validation were performed in COOT (see Table 2-9). Based on rotamer validation and
the Ramachandran plot, some residues that were unique and outliers were modified so

that they obtained preferred rotamers and geometries and fell into the favored region on
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the Ramachandran plot. Moreover, these residues were excluded from NCS in
refinement since they showed different orientations in the different chains. After
modifications to the rotamers and outliers, refinement with PHENIX was performed
followed by validation using Molprobity. These processes were repeated several times to
improve the model. Moreover, twining analysis was re-performed using updated

software with phenix.xtriagg56-57].

Once the structure was determined, proteins with similar fold were found using
the Dalli server [75] to find proteins that shared the fold with Aes. Moreover, the
multiple sequence alignment (MSA) was performed by ClustalW [76] so as to understand
the relationship between the sequence similarity and structure, using the following
homologous proteins: an acetyl esterase from Salmonella typhimurium (PDB ID: 3GA7),
a hyper-thermophilic carboxylesterase from Archaeoglobus fulgi(iLdJI), a new
thoermophilic and thermostable carboxylesterase cloned from a metagenomic library
(2C7B), a thermophilic carboxylesterase Est2 from Alicyclobacillus acidocaldarius
(LEVQ), a mutant M211S/R215L of a carboxylesterase Est2 complexed with
hexadecanesulfonate (1QZ3), a hormone-sensitive lipase like Este5 from a metagenomic
library (3FAK), 3DNM is a hormone-sensitive lipase from a metagenomic library, a
brefeldin A esterase that is a bacterial homologue of human hormone-sensitive lipase

(1JKM), HSL from Homo sapiens and HSL from Rattus norvegicus
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2.3 Results and Discussion

2.3.1 PCR

The set of reactions that were set up to lead to the production of thereesn

PCR is summarized in Table 2-4. Initially, the reaction volume was 25 pL but it was not

enough for sequencing and further research. Therefore, 50 uL of reaction mixture was

prepared for further research.

Table 2-4. Reactions that led to the production oaes. (Volumes in pL).

10X Accu Prime PCR Buffer Il 2.5 2.5 2.5 2.5 2.5
aes forward (20 uM) 0.5 1.5 1.0 2.0 0.5
aesreverse (20 uM) 0.5 1.5 1.0 2.0 0.%
DNA template 1.0 0.5 1.0 0.5 0.5
Accu Prime Taq Polymerase 0.5 0.5 0.% 0 0|
Sterile Distilled Water 20.0 18.5 19.0 17. 20
Total Volume 25 25 25 25 25

Agarose gel electrophoresis was carried out to check the size of the PCR product
that was purified from the agarose gel (Figure 2-2). The size of the PCR product was
found to be about the same size as thegaese and the concentration of the purified PCR
product was found to be about 10 ng/puL. After the validation of the PCR product,

purified PCR product was used in the plasmid construction.
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Figure 2-2. Size analysis of the PCR product by agarose gel electrophore 1%
agarose gel was stained with ethidium bromide. Lane 1: density marker, lanes 2-6:
PCR products extracted from the agarose gel, and lane 7: 100 bp size marker.

2.3.2 Over-Expression and Purification of Aes

The plasmids carrying the agene were constructed and verified by restriction
enzyme analyses and DNA sequencing as described in Materials and Methods.
According to sequencing, there were no mutations found in the recombinamfeesa
series of investigations about the optimal condition foisagger-expression, it was
found that aesneeded to be incubated for 4 hours at 30 °C after induction by the addition
of 1.0 mM IPTG. At the beginning, Aes was found more in the insoluble phase after
sonication but the solubility of Aes was improved with more Aes in the soluble fraction
by lowering the temperature during culturing (Figure 2-3). As a result, a large quantity of

Aes was purified through Ni (1) chelate affinity chromatography (Figure 2-4).
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Aes

25 kD

Figure 2-3. SDS-PAGE gel analysis showing solubility and purity of Ae: 15%
SDS-PAGE gel stained with Coomassie blue. Lane 1: size marker (Precision Plus
Protei™ Standards, Bio-Rad), lane 2: crude extract from un-induced culture, lane 3:
crude extract from induced culture, lane 4: sample from insoluble phase after
sonication, lane 5: sample from soluble phase after sonication, lane 6: sample purified
by Ni (Il) chelate affinity column, and lane 7: sample purified with desalting column.

According to the chromatogram from Ni chelate affinity chromatography, Aes
tightly bound to the column, being eluted with 500 mM imidazole. The other bacterial
proteins were eluted as either flow through or with 100 mM imidazole (Figure 2-4).
Therefore, Aes obtained from the Ni affinity column was mostly pure as shown on a 15%
SDS-PAGE gel (Figure 2-5). The buffer was then exchanged with a desalting column so
as to lower the salt concentration. The chromatogram from the desalting column
chromatography showed Aes was eluted faster than the salt since the size of the protein is
larger (Figure 2-6). There were no other bands observed on SDS-PAGE gel after

purifications as shown in Figures 2-5 and 2-7.
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Figure 2-4. Chromatogram generated by Bio-Rad DuoFlow as a result of Ni

chelate affinity column purification of Aes. The black line shows the percentage of
500 mM imidazole used to elute the proteins, pink is pH of the solution, red is the
conductivity and blue is the absorbance. Impurities are mostly eluted at the beginning
as flow through, indicated by the elevation of the blue line from test tube #3 to #13.
Aes is eluted at 500 mM imidazole into test tube #33 to #35. Samples labeled as #1 to

#9 were checked with SDS-PAGE.
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Figure 2-5. SDS-PAGE analysis of Aes purified by Ni chelate affinity column
chromatography. 10% SDS-PAGE gel stained with Coomassie blue. First lane from
the left contains size marker and the numbers for each lane correspond to the sample
number on the chromatogram. Aes was eluted with 500 mM imidazole and the
amount of impurities was negligible. Samples # 6, 7 and 8 were pooled and used for
further purification by a desalting column.
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Figure 2-6. Chromatogram generated by Bio-Rad DuoFlow as a result of
desalting column purification of Aes. Aes is eluted into test tubes #9 to #12.
Samples labeled as #1 to #6 were checked with SDS-PAGE.

50kD ——»

37kD —» <+— Aes

Figure 2-7. SDS-PAGE analysis of Aes purified by desalting column
chromatography. 10% SDS-PAGE gel stained with Coomassie blue. First lane
from the left contains size marker and the numbers correspond to the sample number

on the chromatogram. Sample #2 to 5 were pooled and used in crystallization.
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According to the MALDI-TOF analysis (matrix-assisted laser
desorption/ionization time-of-flight mass spectrometer), purified protein was confirmed
as carboxylesterasgbaC, synonym of Aes) from E. colK-12 strain (Figure 2-8) using
molecular weight search (MOWSE) and Mascot as scoring and search engines [77-79].
About 15 mg of Aes (the concentration of the final pooled sample was about 1.5 mg/mL),
determined by Bradford Assay, was obtained from 400 mL bacterial culture after
purification and Aes was concentrated to 5 mg/mL in buffer B to be used in

crystallization. Moreover, according to the enzyme assay, purified Aes was active.

Number of Hits

NN e I'_l

R : |
] 5 100 125
Probability Based Mowse Score

Figure 2-8. MALDI -TOF result of band after purification. Proteins whose

probability based MOWSE score is greater than 78 are considered as significant and
the top score was 125, confirming it as probably carboxylesterase (gba€

synonym of ae¥, from E. coli (strain K-12).

2.3.3 Crystallization

Crystal screening was performed by the hanging drop vapor diffusion method to
investigate crystallization conditions of Aes using Crystal Screen kits from Hampton

Research and the result is summarized in Table 2-5.
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Table 2-5. Crystallization conditions that led to the formation of crystalline
material or small crystals for Aes.

Protein Name| Preliminary Crystallization Condition Appearance
Aes Screen | #7 (0.1 M sodium cacodylate trihydrate Crystals

pH 6.5 and 1.4 M sodium acetate trihydrate)
Screen | #20 (0.2 M ammonium sulfate, 0.1 M | Small plate
sodium acetate trihydrate pH 4.6, and 25% w/v
PEG 4000)

Screen Il # 31 (0.1 M HEPES pH 7.5 and 20% v/\Equare crysta
Jeffamine M600)
Index #44 (0.1 M HEPES pH7.5 and 25% w/v PEGmall rod
3350)

Since crystals obtained with Crystal Screen condition #7 (0.1 M sodium
cacodylate trihydrate pH 6.5, 1.4 M sodium acetate trihydrate) were single, well-shaped,
and larger than others, suggesting better ordered crystals, this condition was chosen for
optimization so as to obtain better crystals of Aes for data collection (Figure 2-9). In
order to achieve this, the concentration of Aes, temperature, pH range and the amount of
reagents were varied. As a result of these trials, crystals with better quality, which were
able to be used for X-ray crystallography, were produced and reproduced as shown in
Figure 2-10. According to trials related to temperature for nucleation and crystal growth,
rapid nucleation occurred and crystals grew faster at low temperature. Aes crystals
appeared in about 5 days and grew to their final size (usually 0.45 x 0.35 x O°L&imm

a few weeks. Typical crystals of Aes formed in a few weeks are shown in Figure 2-10.
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Figure 2-9. The result of crystal screening for Aes (A) Crystal of Aes (5 mg/mL)
formed in Crystal Screen (Hampton Research) condition #7 (0.1 M sodium cacodylate
trinydrate pH 6.5 and 1.4 M sodium acetate trinydrate) at RT. (B) Crystals of Aes (5
mg/mL) formed in the same reagent at 4 °C. It took less time for nucleation and more
crystals formed at 4 °C than at RT.

(A)

Figure 2-10. Crystals of Aes after
optimization. (A) Crystals formed in a
week with 0.10 M sodium cacodylate pH
6.5, 0.98 M sodium acetate, and 5 pL (10
mg/mL Aes) / 5 pL (reservoir solution) at
RT. (B) Crystals formed in a week with
0.10 M sodium cacodylate pH 6.5, 1.4 M
sodium acetate, and 2.5 pL (5 mg/mL
Aes) / 3.5 pL (reservoir solution) at 4 °C.
(C) Crystal formed in a week with 0.103
M sodium cacodylate pH 6.5, 1.4 M
sodium acetate, and 3 pL (10 mg/mL
Aes) / 3 pL (reservoir solution) at 4 °C.
Crystals seemed to be twinned or a
cluster.
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The number of crystals obtained at RT was less than that of crystals at 4 °C but
were better shaped. However, crystals formed at RT did not diffract with high resolution.
The concentration of Aes used in crystallization was also varied from 1.5 mg/mL to 10
mg/mL to investigate the effect of concentration on nucleation and crystal growth. As
the concentration increases, both nucleation and precipitation occur rapidly especially at
4 °C. As shown in Figure 2-10, many clusters rather than single crystals were observed
and crystals also seemed to be cracked when 10 mg/mL of Aes was used. Trials
suggested that protein concentration and temperature had a large effect on nucleation and
crystal growth of Aes with these reagents. Crystals with different shapes from the same
reagents were obtained; the shapes of the crystals were triangular, octahedral, or rod but
all the crystals were colorless (Figure 2-10). Crystals of Aes were stable and could bear

complete data collection.

2.3.4 X-Ray Crystallography

A couple of the many crystals examined diffracted moderately and three of them
diffracted to a resolution of 2.7 — 2.8 A that was considered decent for further data
collections. Data were collected from three crystals that consisted of the full-length Aes
protein with an N-terminal tag containing six histidines in a rows-Ass1, Hig-Aes2,
and Hig-Aes3. X-ray data collection statistics are summarized in Table 2-6. According
to the data analysis, space groups were determined to be rhomboR&dnaR82) and
tetragonal P4,). The space group of Hig\es1 was determined to b& Riith two
molecules in the asymmetric unit, that of $#ses2 was B, with six molecules in the

asymmetric unit (Table 2-6), and that of Hfses3 was R2 with one molecule per
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asymmetric unit (data not shown due to uncertainty). ForA#s2, the Matthew’s
coefficient suggested a range from 6 to 8 as being optimal and molecular replacement
using acetyl esterase from Salmonella typhimuriyfDB code: 3ga7, 70% identity) in

PHENIX [56-57] found only 6 molecules.

Table 2-6. Statistics of X-ray data collections for HisAes.
Hise-Aesl Hise-Aes2
Protein concentration 10 10
(mg/mL)
Crystallization 0.1 M sodium cacodylate pH| 0.1 M sodium cacodylate pH
condition 6.8, 1.4 M sodium acetate, 5| 6.6, 1.4 M sodium acetate, 5
ML/3 uL, at 4 °C ML/3 uL, at 4 °C for three
months and left at RT for a
day
Resolution limit (&) | 2.7 2.8
Wavelength (A) 1.5418 1.5418
Unit cell parameters| a=113.7, b=113.7, c=151.8, | a=113.6, b=113.6, c=284.7,
(A, degree) 0=p=90, =120 0=p=y=90
Space group R3 P4,
Reflections 180082 335684
Unique reflections 20063 83938
Completion (%) 99.6 96.8
Redundancy 8.9 3.9
Rint 0.1240 (0.4395) 0.1446 (0.3034)
/ol 10.93 (2.07) 7.75 (1.68)
Number of molecules 2 6
in asymmetric unit
"Value in parentheses was for highest resolution bin 2.8-2.7.
Value in parentheses was for highest resolution bin 2.9-2.8.

At the beginning, molecular replacements were performed to determine the initial
phases by using the homologous proteins 1JJI (29% identity), 1IEVQ (26%), 1QZ3 (26%)
and 2C7B (27%) that were available from the PDB, but the trials were not successful.
However, 3GA7, the Aes from Salmonella typhimuriyrhad been recently determined

and with the percent identity to Aes being 70%, was successful in providing the initial
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phases of Aes. The data from gHfses2, which crystallized in the tetragonal space group
P44, led to the structure determination of Aes. Moreover, the initial phas&swéiR
found but the refinement did not go well and stuck with high R-factors probably because

of twining. Therefore, the model was built using the data frorg-Aes2.

After the molecular replacement solution was found, some of the amino acids for
the search molecule were converted to correspond to the ones in Aes from Escherichia
coli since the initial model was based on the homologous protein used in molecular
replacement. Afterward, the side chain of 32 residues (Leu-7, Asp-11, Leu-12, Lys-18,
Leu-24, GIn-25, Thr-45, Leu-46, Glu-57, GIn-71, Glu-73, Asp-82, GIn-115, lle-138, His-
146, GIn-148, Glu-150,Asp-151, GIn-153, lle-154, Met-156, Arg-158, Asp-184, Lys-187,
Arg-201, Val-212, Trp-213, GIn-218, GIn-219, Glu-226, Glu-250, Lys-302, Glu-306,
Arg-309, and GIn-313) in chain A was initially truncated into alanine due to poor density
around the side chain of these residues. Moreover, residues of a loop (Pro-26, Asp-27,
Leu-28, Pro-29, Pro-30, Trp-31, Pro-32, Ala-33, Thr-34, and Gly-35) in chain A were

removed due to the poor electron density since residues 26-35 in 3GA7 were missing.

Almost all of the residues were built in five rounds of refinement except for the
loop region of the N-terminal cap, residues 26 to 35, which showed poor density. In
order to build this region, each amino acid was manually built with COOT to fit to the
electron density map, obeying proper geometry. After the manual refinement, all six

molecules were refined with PHENIX with simulated annealing, TLS and modified NCS
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that excluded the loop region mentioned above and amino acids 217-219 and 247-250

that showed relatively weak electron density among the molecules in the asymmetric unit

and slightly different orientation for the amino acids. Molprobity was performed to

validate the structure of Aes (Table 2-7). According to the comprehensive validation,

there were still a few residues that were out of the preferred region in the Ramachandran

plot (see Table 2-8) and unique rotamers for each chain (see Table 2-9).

Table 2-7. Model validation by Molprobity in PHENIX.

Geometry outliers 1 residue

RamachandranFavored 94.7%
Outliers 0.7%

Rotamer outliers 5.9%

C-B outliers 0

Clashscore 24.68%

Table 2-8. Ramachandran outliers for each chair The number is the residue
number of Aes.

Chain A 30, 32

Chain B 26

Chain C 32

Chain D 34, 35

Chain E 29, 33, 35, 36

Chain F 30, 31, 36

Table 2-9. Unique rotamers for each chair The number is the residue number pf

Aes.

Chain A | 17, 23,42, 45, 60, 110, 217, 232, 265, 269, 298, 299, 304, 316, 318

Chain B | 17, 37, 39, 42, 46, 60, 68, 110, 218, 219, 232, 248, 249, 265, 269, 298,
299, 303, 316, 318

Chain C | 17, 23, 24, 39, 42, 46, 60, 68, 110, 232, 265, 269, 298, 299, 303, 316, 318

Chain D | 17, 23, 24, 28, 36, 39, 42, 46, 60, 68, 110, 232, 265, 269, 298, 299, 303,
316, 318

Chain E | 17, 23, 24, 28, 31, 34, 36, 39, 42, 46, 60, 64, 68, 110, 232, 265, 269, 298,
299, 303, 316, 318

Chain F | 17, 23, 24, 28, 34, 39, 42, 46, 60, 64, 68, 110, 232, 265, 298, 299, 303,

316, 318
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The crystal structure of Aes is shown in Figure 2-11 and the model statistics are in
Table 2-10. X-ray crystallography revealed that Aes contained a typficAydrolase
fold with the central fstrands surrounded layhelices. There are eightgirands [§1:
Thr-60 to Val-65, B: Val-72 to Phe-77,3 Thr-86 to Leu-90, 4#: Thr-117 to lle-121,
B5: Arg-158 to Asp-16436: Gly-190 to Trp-194p37: Cys-254 to Ala-25938: Cys-282
to Tyr-287) and thirteen-helices ¢1: Val-9 to Leu-12, &: Ala-15 to Asn-22, 8: lle-37
to Asn-52, ¢: Leu-100 to Ser-114 51 GIn-133 to Tyr-152, @: Ala-166 to Lys-181¢7:
Val-204 to Leu-208¢8: GIn-218 to Tyr-228, & Asp-232 to Glu-236,10: Leu-242 to
Asp-244, d1: Leu-265 to His-278,k2: Phe-294 to Tyr-297,1@: Lys-302 to GIn-318).
A portion (residues 1-4 and 26-35) of the N-terminal region of Aes from Salmonella
typhimurium, which was used to determine the initial phases, was not built. However, in
this study, residues 26-35 of the Aes from E. gobire built even though residue 1 and 2
were unable to be built. This new finding should help in better understanding the
structure and function of homologous proteins. The current model consists of six
molecules in the asymmetric unit with 1902 amino acid residues. The residualgrare R
=19.79% and Re = 26.46% (Table 2-10). The N-terminal residues were disordered and
not modeled, including the Hisag (36 amino acids including six histidines) and some
N-terminal residues of Aes (residues 1 and 2). However, the C-terminal residues were
ordered enough to be modeled. The N-terminus of Aes was highly flexible, suggesting

they act as a lid which has been reported for lipases (Figure 2-11) [63].
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Figure 2-11. Xvay crystal structure of Aes generated byPyMOL and topology
diagram of the Aes structure. (A) A view of Aes molecule generated PyMOL
[80]. Eightp-strandsiflue) are surrounded by-helices (redl showing the
hydrolase fold. (B) ldlices arered,B-strands are blue, and tbennecting regins
(random coil and loop are black. The seconddfrand is antparallel tothe others,
leading to the formation the op hydrolase fold. HGGG represetit® histidine (H)
- glycine (G)motif of Aes and S«-165, Asp-262 and His-292 are tlesiduesof the
catalytic triad.
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Table 2-10. Statistics for the model of HisAes2.
Resolution 2.8

Ruwork (%0) 19.79

Riree (%) 26.46

r.m.s bond deviation (A) 0.008

r.m.s angle deviation (°) 1.072
Number of amino acid residues 1902
Number of water molecules 0

B-factor for all atoms (A) 60.7

Ruwork = Z|Fobs - Feald’Z |Fond, Where summation is over data andeRontains only
1.1% of data excluded from all refinement.

According to the three dimensional structure of Aes, a catalytic triad is present
consisting of Ser-165, Asp-262 and His-292 (Figure 2-11). The catalytic triad is located
near the C-terminus in three different loop regions betweenrhatixiand a pstrand
(Figure 2-11). More specifically, Ser-165 is located betwéeanftl @, Asp-262 is
located betweenBandall, and His-292 is located betweehghdal2. His-292
interacts with Ser-165 and Asp-262 with a distance of 3.2 A and 2.9 — 3.3 A respectively
(see Figures 2-12 and 2-14). Another motif of Aes, HGGG (histidine-glycine motif), is
found between4 and [ (see Figures 2-12 and 2-14). The N-terminus is composed of a
long loop consisting of three relatively shothelices ¢1, 02, anda3) (Figure 2-12).

The second {strand p2) is anti-parallel to the others, which leads to the formation of the
a/p hydrolase fold where the central eighstgands §1, 2, 3, 4, 5, 6, p7, and [8)

are surrounded by-helices (4, a5, o6, 011, 12, and d3). Moreover, there is another
loop with e-helices &7, a8, 09, anda10) between § and ¥, which may provide the
flexibility and selectivity for substrates of Aes. A total of six molecules were found in

COOT arranged as three dimers in the asymmetric unit (Figure 2-12).
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Figure 2-12. A view of the six molecules in the asymmetric uni Three dimer:
are shown. Figure was produced by PyNV[80]. ChainA forms a dimer with chai
E, chan B forms a dimer with chain D, and chain C forms a dimer with ch

A dimer is shown perpendicular to th-fold axis thatrelates the two molecules by
180° rotation (Figure 23 (A)). Moreover, according to PDBePISA (Protein interfa
surfaces and assemblies service PISA at European Bioinformatics Institute) that
the quaternary structures of prois [81],chain A and E (AE), chain B and D (BD), a
chain C and F (CF) form statdimers with the surface area 2485%) 84560A2, and
25000 & ard buried area 214A2% 2240 &, and 2100 ArespectivelyTable --11). The
buried area of BD is slightly larger ththe others, showing tiglebntact tharthe other
dimers(AE and CF). According to structural studies on homologous proteins u

MSA, they all contairthea/p hydrolase fold buthe crystal structures of 3GA7, 1EV
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1QZ3, and 3FAK are monons, 2C7B and 1JKMontain a dimer, and 1JJI anDNM

contain two dimer#n the asymmetric unit (Figure-13).
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Figure 2-13. The dimer of Aes,
crystallized in P44, and those of
homologous proteins.Besides Aes
several homologousroteins used i
molecular replacement and MSA he
dimers in theasymmetri unit. The
individual molecules of the dimer a
related by a two fol@xis (a black oval).
(A) Aes (three dimers the asymmetris
unit), (B) 2C7B (one dimer), (C) 1JKI
(one dirrer), (D) 1JJI (two dimers), ar
(E) 3DNM (two dimers). They have i
a/p hydrolase fold.



Table 2-11. Analysis of protein interfaces.Chain A (A) forms a dimer with chain
E (E), chain B (B) forms a dimer with chain D (D), and chain C (C) forms a dimer
with chain F (F), which are consistent to the finding from the crystal structure of Aes
in the asymmetric unit (Figure 2-12). According to the PISA analysis, these dimers
are stable in solution.

Composition Surface area, A Buried area, A
AE 24850 2140
BD 24560 2240
CF 25000 2100

Since Aes was crystallized at pH 6.6, Asp (pKa=3.65) is deprotonated and Ser
should be protonated and a hydrogen atom on His-292 binds to the oxygen atom on Asp-
262 and a nitrogen atorg’) of His-292 binds to the hydrogen atom on Ser by hydrogen
bonding (see Figures 2-14 and 2-15). X-ray crystallography also revealed that the
catalytic triad of Aes is stabilized by weak hydrogen bonds formed between Ser-165 and
the backbone residues of the HGGG motif (see Figures 2-14 and 2-15). In addition to
these residues, there are several His and Asp residues around the active site of Aes. They
probably are involved in hydrogen bonding to stabilize the active site (Figure 2-15).
Moreover, there are several positive densities around the active site but identifications of

them are still undetermined due to low resolution (Figure 2-14).
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Figure 2-14 The view around the catalytic triad and HGGG maotif with electron
density map. The protein coordinate is shown as yellow sticks, electron densit
(rendered &) is shown as blue grids, and positive density is shown as orange
His-292 binds to Asj262 and S¢165 by hydrogen bondinghown indashed line)
and Ser165 is stabilized bhydrogen bonds that forms between the oxygen .
(yO) of Ser-165 anthenitrogen atom (blue of sticksf glycines from HGG¢, the
hydrogen atom of Set65 an the nitrogen atome{N) of histidine, and the hydroge
atom of histidine and the oxygen atom of aspartic
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Figure 2-15. The view around theactive site. The protein coordinate is shown
yellow sticks. There are several residues that are involved in the stabilization
active site through hydrogen bonds (dashed line).-164 is stabilized by H-103
and His296 through relatively strong hydrogen bonds and als-296 is stabilize«
by Tyr-195 through aveakhydrogen bond. Because of these hydrogen bond
catalytic triad is stabilize

Moreover, according to the multiple sequence alignment (MSA) perform
ClustalW [76], the H&GG motif (residue 91, 92, 93, and 94 in Aes) aesidues of th:
catalytic triad (Ser-168nd Hi«-292)are both highly conserved among bacte
homologous proteins and these are also conserved in HSL from humar [30, 33].
Even though Glu is found instead of Asp in some homologous proteins shormone-
sensitive lipase like Este5 from a metagenome library (PDIBFAK) andhormone-

sensitive lipase from a metagenome library (PDB3DNM), which ari from uncultured
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bacteria, the nucleophile such as Asp or Glu should be necessary for such hydrolases to
function. Moreover, there are some highly conserved residues; His-103, Asp-122, Pro-
132, and His-252. Asp-122, Pro-132, and His-252 are found in the loop region, while
His-103 is found on an-helix. According to the structural studies using PyMOL, His-

103 stabilizes Gly-92 (4.1 A) and Asp-122 is also involved in the stabilization of His-91

(4.1 A) by hydrogen bonds.

* 600 * 620 * 640 *
AES et QEDSPAT a9
IGAT et QPTS0AT 99
1JJT et PDE--F 94
2C7EB et KAAGCLP. g8
1EVQ ettt VEPPYE, g9
10Z3 e e e bbbk bbbl bbbt bt WVEPPYPE go9
3FAK e CQAGEA— a5
3DNM e DEAGAAH] 109
1JEM e WVEGWVLE 124
HSL_hum : MPLTADPTLTVTISPPLAHTGPGPVLVRELISYDLREGUDSEELSSLIKSNGQRELELWPREPQUAPREREL 659
HEL_Rat : MPLTSDPELIVIISPPLAHTGPGEVLARLISYDLREGQDSRMLNSLARSEGPR-LELRPRPQOAPRERAL 657
= 680 * 700 * 720 * 740
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3GAT : LD--TBRIDRIMRELLARYTGCTWVICINNNS-———LEPOARNSCANEE TVAVCEYE SOHADEY SLNVEKINGE AR e - — - ——— ——— H 167
1JJ3T ! IE--SRIDALCRRIARLENSTVVEGNNE ——— - LAPEHE|RSA AR DCY DATKVAENAEELRIDPSEMF VS EDE A8 —————— ——— : 162
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1EWVQ ! LE--TRIDPVCRVLAKDGRAVVE R-——-LAPEHE|@EAAMFE DAY DALOWTIAERAADFHLDPAR] e e ———————— : 157
10E3 ! LE--TRIDPVCRVLAKDGEAVVE S e ——— - LAPEHE]S EDAYDALQWIAERAADE‘HLDPAR EDEA e ———————— : 157
3FAEK ¢ IN--TRIESMVGEI SRASQAAATLLINMNYE -——--LAFEHES EDGVAAYRWLLDQGE‘KP————QH EDEAE - ———————— H 159
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HEL_hum : SR--SEPYLEAWAQELGAPIT ZiNENYS—---LAPEAD|WERAWEECEFAY CHATKHCALLGSTGER 2 GHNLCETVAL 736
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H GD5 SF &
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3GAT H . SAEFDEMIDDERLLHOTLOAHOQEPCEYEMY PGTLE- AFLHY SEMMTIADDALQDGARFFMARMET 3z1
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10ZE3 H TAQYDEMEDVEELY AEALNEAGVEVELIENFEDLIB-GFAQFY LS PGATEALVRIAEKLRDALA- 310
3FAK H ! HYVGRDEVLDD ST ELDARKARADGVESTLETIWDDMIfG-VWHAFHEPMLPEGEQATWVRVGEFMREQWAR 310
3DNM H ) HYVGEEEAMLEDST T LAERAGAAGY S VELEIWEPDM Plgl-VE OMYGEFVNAADTISTKEICHWISARISK 324
1JEM : WHELDE@RDEGTIAFARRLARAGVDVAARVNI GLVRIGADVIFRHWLPAATLESTVREDVAGFAADRAR @ 359
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4] H

Figure 2-1€. Multiple sequence alignmenof Aesto homologous proteins. 3GA7
is an acetyl esterase from Salmonella typhimuriubdJI is a hyper-thermophilic
carboxylesterase from Archaeoglobus fulgiduC7B is a new thermophilic and
thermostable carboxylesterase cloned from a metagenomic library, 1IEVQ is a
thermophilic carboxylesterase Est2 from Alicyclobacillus acidocaldarii®Z3 is a
mutant M211S/R215L of a carboxylesterase Est2 complexed with
hexadecanesulfonate, 3FAK is a hormone-sensitive lipase like Este5 from a
metagenomic library, 3DNM is a hormone-sensitive lipase from a metagenomic
library, and 1JKM is a brefeldin A esterase, a bacterial homologue of human
hormone-sensitive lipase. Some homologous proteins are used in molecular
replacement to find the search model in molecular replacement. The name
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corresponds$o the name used in PDB except for HSL_hum and HSL _
HSL_hum refers to HSL frorHomo sapiens and HSL_Rat refers to HSL fro
Rattus norvegicus.

The catalytic triad anHGGG motif are found in a cleft, of tmeolecule
surrounded by hydrophobic resid, where a flexible loop of the Mrminus covers
them byhydrophobic interaction However, it seems that there is partial accessibili
the triad (Figure 2-17)Therefore, the -terminal region does not apgreto ac as a
perfect lid as reported for other homologous proteins belongithe Hgroup [63]. If a
crystal structure is determined with a ligand, it is possible that the loop could ma

cover the active site.

(A) (B)

Figure 2-17. Hydrophobicity plot of Aes. Hydrophobic residues are green,
catalytic triad is magenta, HGGG motif is blue, and others are white. £
representation (A) and surf: representation (B) of Aes viewed frahe N-
terminus. The catalytic triad anHGGG are hidden in the shallaeft and there is a
partial accessibility from the surfe.

Based on Xy crystallography, chemical properties around the active site ¢

and the mechanism of serine protease dpdhydrolas [10], aplausiblemechanism can
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be proposed as shown in Figure 2-18. Since the actual substrate for Aes insEstdoli
unknown, p-nitrophenyl butyrate is used to explain the proposed mechanism. (1) The
hydroxyl group (OH group) of Ser-165 attacks the carbonyl carbon of the substrate. The
lone pair on the nitrogen atorfI{) of His accepts the hydrogen (H) from the OH group

and a pair of electrons from the double bond of the carbonyl oxygen moves to the oxygen
atom (O), forming an enzyme-substrate intermediate (2). (2) The electrons between C-O
of the substrate attack H of His, leading to the bond formation of O-H on the substrate.
The electrons on @nove back to recreate the C=0 and His is regenerated, releasing p-
nitrophenol (3). Now, water comes in, attacking the carbonyl carbon, and electrons from
the C=0 double bond move back to O. Afterward, the bond between O of water and C of
the substrate is formed antNeof His accepts H from water (4). (5) The electrons

forming the bond between C-O from Ser attack H on His to reform the OH group on Ser
and then the double bond is reformed between C=0. Finally, the carboxylic acid is

released and the catalytic triad goes back to the initial state (6).
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Figure 2-18. Proposed mechanism of Aes.
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As mentioned before, only 3GA7 could work as a successful search model in
molecular replacement to determine the initial phases. To understand the reasons why
the other search models did not work, Aes was superimposed with the homologous
proteins used in the molecular replacements with the program PyMOL (Figure 2-19).
Compared to the crystal structures for homologous proteins, one of the reasons why the
other structures failed in molecular replacement was that Aes has a long loop around the
N-terminus, which was found to be completely different to the other proteins. The other
reason is probably becauskloand @ in Aes have slightly different conformations
compared to the others. Since a flexible loop in the N-terminus of 3GA7 was not built
and also the identity of 3GA7 was high to Aes, it worked as a good model in molecular
replacement. The overall structures of all the homologous proteins are similar, showing
the dof hydrolase fold; however, there are slight shifts between Aes and the other
homologous proteins except for 3GA7. Moreover, since some structures of homologous
proteins have a ligand, the catalytic triad proposed in this study is consistent with their
findings. Therefore, also in Aes, the cleft mentioned should be the binding pocket for the
substrate in E. coland the substrate should be relatively small due to the size of the

shallow cleft.
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Ca RMSD value for 3GA7 was determined by PyMoL wsyntaxPyMOL> align
chain ChA_aes (pdb file of chain A of A and name c8GA7 (pdb file of 3GA7
and name calhe same procedure was performed for ehomologou protein in
order to obtain @ RMSD values.(A) Aes (green)s aligned with 3GA7 (magen;,
Ca RMSD = 0.364 A(B) Aes is aligned withEVQ (blue), G: RMSD = 1.375A.
(C) Aes is aligned withQZ3 (orange), @ RMSD = 1.351 (D) Aes is aligned witl
2C7B (black), @ RMSD = 1.04ZA. (E) Aes is aligned with 1JJted), Ca. RMSD =
1.061 A. (B 3D alignment of Aes (green) with homologous proteins: 3¢
(magenta), 1IEVQ (blue), 1QZ3 (orange), 2C7B (black), JJI(red). The ligand
are shown as sticks with corresporg color to the protein. The ligand 1IEVQ is
4-(2-hydroxyethyl)-1piperazine ethanesulfonic acid ar-amino-2hydroxymethy-
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propane-1, 3-diol, that of 1QZ3 is 1-hexadecanosufonic acid, and that of 1JJI is 4-(2-
hydroxyethyl)-1-piperazine ethanesulfonic acid. The phosphoserine, which is also
shown as sticks, is found in 3GA7. The greatest differences are circled (purple).

2.4 Summary

X-ray crystallography revealed that Aes contained/Arhydrolase fold, the
central Bstrands being surrounded byhelices. Moreover, according to the structural
analyses and literature review, the catalytic triad of Aes consists of Ser-165, Asp-262 and
His-292, Ser-165 being stabilized by His-292 through hydrogen bonding. His-292 is also
stabilized by Asp-262 by hydrogen bonding. Aes has a shallow cleft consisting of
hydrophobic residues, which leading to the substrate binding pocket and the catalytic
triad. Aes also has a long loop with shotielices around the N-terminus, suggesting
that it acts as a flexible lid that protects a substrate from the environment during the

catalytic activity.

As future work, crystallization with a substrate should be performed in order to
investigate whether there is a conformational change of the structure of Aes with the
presence of the substrate. Moreover, the structure determination of Aes using the data of
Hiss-Aes1 R3) should be carried out to see whether there are any structural differences
compared to the structure from Kises2 P4,). The co-crystallization with MalT is also
challenging but worth investigating in order to know how Aes and MalT interact to better

understand the remarkable maltose system in E. coli
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CHAPTER 3

MALT

3.1 Introduction

The maltose system is a member of the periplasmic binding protein-dependent
ATP-Biding Cassette (ABC) high affinity transport systems and the maltose regulon
consists of five operonsial PQ, malS malEFG, malK-lamB-malM, and malZ[2, 6, 16].
The malPQ malS and malZencode proteins that play roles in maltose and maltodextrin
metabolism while the malEF@nd malKencode proteins involved in the uptake of
maltose and maltodextrin (see section 1.3) [14, 16]. The expression of these genes are
controlled by MalT and since the expression of malEFG and malK-lamB-mal Mhder

catabolite repression, these rgaines are controlled by CAP [2, 16].

MalT from E. coliis a 103 kDa protein and consists of 901 amino acids. Itis a
transcriptional activator of the maltose regulon, showing a weak ATPase activity [82].
The activity of MalT is regulated by many different regulatory signals. MalT is activated
by ATP and maltotriose [2, 16, 82] while it is down regulated by three proteins, MalK,
MalY, and Aes [14]. There are three regulators for the expression of MalT: CAP, Mic
acting as a glucose inducible repressor, and H-NS (nucleoide-associated protein), that

adjust the expression of MalT [83-87].
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MalK is the ATP biding cassette (ABC) protein that transports maltose and
maltodextrin and is stimulated by the periplasmic maltose binding protein (MBP) [88].
MalK consists of two domains, the nucleotide binding domain (NBD) and the residue
regulatory domain (RD). NBD shows afanotif and binds to ATP while RD displays
B folds and binds to MalT [88]. MalK sequesters MalT in the inactive form and it
releases MalT by hydrolyzing ATP when substrates are transported [14]. MalK interacts
with MalT directly without maltotriose and inhibits binding of maltotriose to MalT [2,

89].

The other regulator MalY belongs to the gene cluster of mahiXyis regulated
by Mall, in other words, MalY is not controlled by MalT. The gene cluster, malis<Y
conserved among some bacteria but MalY from other bacteria does not function as a
down-regulator in E. col[87]. MalY acts as a cystathionase but this enzyme activity is
not necessary for the down regulation of MalT [14]. MalY and Aes (see Chapter 2) act in
a similar manner by stabilizing the inactive form of MalT, the monomeric conformation.
Crystal structures of MalK and MalY have been determined [87-88] and the crystal
structure of Aes has been determined in this study (see Chapter 2) (see Figures 2-11 and
3-1). Interestingly, parts of MalY and MalK show a similar fold to Aestr@nds

surrounded by delices.
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(A)

Figure 3-1 Crystal structures of (A)
(€ Aes, (B) MalY, and (C) MalK. Aes
has thew/p hydrolase fold, the centrp-
strands being surrounded a-helices.
Interestingly, the black circled areas
MalY and MalK seem to show a simil
fold to Aes.

MalT is arelativelylarge protein consisting of four domaiemain | DT1.:
residues 1-2413omain Il DT2: residues 242-436), domain Il (DTigsidues 437-806)
and domain IV (DT4: reidue: 807-901) [22, 90-91]. Itkunction is complicéed as it can
interact with several ligands to be either activated or repr(82]. Accordirg to studies
on MalT, DT1 is ainding site for ATP which is one of the indus for MalT. ATP or
ADP, besides maltotriose, is necessary for MalT to be active (to be multimer
suggested that ATPase activity of MalT, even though it is splaysa role in the
conpetition between the positive and negative effe(15, 22] However, the
hydrolysisof ATP is not required for thactivationof open complex formation (tt

unwinding of DNA with RNA polymerase and transcription factors to initiate
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transcription) by MalT [15]. The binding site of MalY is DT1 and that of Aes includes
both DT1 and DT2 [14-15]. DT3, whose structure has been determined [92], is the
binding site for maltotriose, the second inducer, and DT4 is the DNA binding site [14,
22]. Since a recent study suggested Aes bound to DT1 or both DT1 and DT2, structural
studies for DT1, the first two domains from the N-terminus (DT1-DT2), and the whole

MalT protein have also been conducted in this research.

3.2 Materials and Methods

Basically the same methods described in section 2.2 were used for PCR, plasmid
construction, over-expression, purification, and crystallization with a few changes as
described below. PCR was performed in order to amplify DT1, DT1-DT2, and malT
with primers listed in Table 3-1. The stop codon was added on each reverse primer
shown as bold in Table 3-1. Using these primers, genes of domain | (DT1), and the first
two domains from the N-terminus (DT1-DT2) were amplified by PCR with the same
program as used in the PCR amplification of thegmse (see section 2.2.2). Since
amplification did not work for the mal§ene with this program, probably becaostT
is a much larger gene compared to the others, a longer extension step was needed to
obtain the whole gene. Thus, different PCR cycles were tried (Table 3-2) and the

reaction set up for each gene is listed in Tables 3-3, 3-4, and 3-5.
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Table 3-1. Forward and reverse primers for DT1, DT1-DT2, andmalT. DT1
consists just of domain | of MalT, DT1-DT2 consists of domains | and Il, and malT
consists of the whole mal@ene from E. coli

mal T forward CACCATGCTGATTCCGTCAAAACTAAG
malT reverse TTACACGCCGTACCCCAT

DT1 forward Same as malfbrward

DT1 reverse CTAGCGTGCCGACTTATGG

DT1-DT2 forward | Same as malfdrward

DT1-DT2 reverse | CTATTCAGCACGGGCTAGCA

Table 3-2. Program used in minicycler in order to amplifymalT by PCR.
1% Cycle 2°- 30" Cycles Final Cycle
Denaturation 94 °C 6 min. 45 sec.
Annealing 55 °C 30 sec. 30 sec.
Extension 72 °C 2 min. 1 min. 10 min.

Table 3-3. Reactions that led to the production of DT1. (Volumes areyih)

10X Accu Prime PCR Buffer Il 5 5 5 5 5 5 5
mal T forward (20 uM) 2 3 3 4 4 4 1
DT1 reverse (20 uM) 2 3 3 4 4 4 1
DNA template 1 1 2 1 2 4 1
Accu Prime Taq Polymerase 1 1 1 1 L 1
Sterile Distilled Water 39 37 36 35 34 32 41
Total Volume 50 50 50 50 50 50 50

Table 3-4. Reactions that led to the production of DT-DT2. (Volumes are in
L)

10X Accu Prime PCR Buffer Il 5 5 5 5 5
mal T forward (20 uM) 2 2 3 4 4
DT1-DT2 reverse (20 uM) 2 2 3 4 4
DNA template 1 4 1 1 2
Accu Prime Taq Polymerase 1 1 1 1 1
Sterile Distilled Water 39 36 37 35 34
Total Volume 50 50 50 50 50
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Table 3-5. Reactions that led to the production omalT. (Volumes are in pL)
10X Accu Prime PCR Buffer Il 5 5 5
mal T forward (20 uM) 3 1 1
malT reverse (20 uM) 3 1 1
DNA template 1 1 2
Accu Prime Taqg Polymerase 1 1 1
Sterile Distilled Water 37 41 40
Total Volume 50 50 50

After PCR, agarose gel electrophoreses were performed followed by gel
extraction in order to purify the PCR product from the gel (see section 2.2.2). Purified
PCR products were then used in TOPO cloning reactions and transformations, followed
by analyses of transformants (20 to 30 transformants were analyzed per gene product due
to high background) using restriction enzymes: Sacl and Accl for DT1 and Pstl instead
of Accl for DT1-DT2 and malT(see sections 2.2.3 and 2.2.4). Using 1.0% or 0.7%
agarose gel, agarose gel electrophoreses were performed to analyze plasmids digested by
the restriction enzymes, followed by DNA sequencing. After the confirmation of the
genes being inserted in the plasmids with the correct orientation, each gene (DT1, DT1-
DT2, or malT) was over-expressed in E. coli BL21 StA(DE3) in the same manner as
Aes (see section 2.2.5). Optimal growth conditions were discovered by conducting time
course analyses for expression, adding different types of sugars (such as 0.5% maltose
and 0.5% arabinose) in the LB media and varying the temperature for culturing (18 °C,
28 °C, 30 °C, 37 °C) after induction for each transformant. Moreover, optimization of the
solubility of each protein was conducted by adding 0.1 mM, 0.2 mM, 0.5 mM, 1.0 mM,
and 1.2 mM ATP into the cellular resuspension prior to the disruption of the bacterial

cells. Since the yield of bacterial cells producing MalT was low compared to the others,
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the pLysS E. colistrain, which reduced the basal expression of MalT, was also tried for

the over-expression of MalT in order to slow the expression of this apparent toxic gene.

Bacterial cells were harvested in the same manner as for Aes with pellets made
from 400 mL of bacterial culture that were resuspended in 10 mL of Buffer C (50 mM
TrisHCI pH 7.8, 500 mM KCI, and 10% sucrose). After the addition of 0.2 mg/mL or 10
mg/mL lysozyme in the resuspension, they were incubated at 27 °C for 30 minutes.
Afterwards, centrifuge tubes containing the cell resuspension were placed on ice for at
least 10 minutes followed by the addition of 0.1 mM - 1.2 mM ATP. Bacterial cells were

then disrupted by the sonicator in the same manner as Aes (see section 2.2.6).

Nickel chelate affinity chromatography was performed for DT1, DT1-DT2, and
MalT with Buffer C. During purifications, the buffer blender was used in the similar
manner as Aes (section 2.2.6.) with the Duo Flow System so as to adjust the pH to 7.8.
After Ni affinity chromatography, either a desalting column or a gel filtration column was
used to remove the excess amount of imidazole depending on the result of Ni affinity
chromatography, more specifically, the desalting column was used if no impurities were
observed on SDS-PAGE while the gel filtration column was used if impurities were
observed after Ni affinity chromatography. For either case, 0.1 — 1.2 mM ATP was
added to the sample prior to the chromatography using Buffer D (50 mM TrisHCI pH 7.8

and 100 mM KClI).
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Since DT1 and MalT were successfully purified, crystallization screening was
performed using Crystal Scré&hl and I, and Index Screen (Hampton Research) with
the hanging drop vapor diffusion method using 24 well plates (see section 2.2.8). The
concentration of DT1 and MalT used in crystal screening was 5 mg/mL according to the
Bradford assay, and the protein solution was filtered with a 0.20 um filter. Reagent (700
ML) was used for the reservoir and the rest of the procedure was similar to the
crystallization methods used for Aes, such as the exploration of the size of the droplets

and temperature (RT and 4 °C).

3.3 Results and Discussion

The plasmids carrying DT1, DT1-DT2 and the mglBnhes were successfully
constructed even though only a few of the about 30 transformants tested carried the
proper recombinant plasmid. According to DNA sequencing, a point mutation was found
in DT1 at amino acid residue 182 compared to SwissProt P06993, resulting in Gln (codon
CAG) to Arg (codon CGG) while no mutations were found in DT1-DT2 and maiie
course analyses were performed to optimize culturing condition for each protein and
several results of SDS-PAGE analyses of the optimization are shown in Figure 3-2. The
optimal conditions for culturing are summarized in Table 3-6. Moreover, as a result of

screening, some crystallization conditions for these proteins were found (see Table 3-7).
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(A)

DT1

(B)

DT1-DT2

©)
MalT

Figure 3-2. SDS-PAGE analyses of over-expression of DT1, DT1-DT2, and
MalT. An aliquot was obtained from induced and un-induced culture every one
hour for four to five hours after the induction. Unlabeled lane is a size marker. (A)
Time course study of DT1 at 37 °C without any sugars, comparing the induced (1)
and the un-induced (U) whole cell. DT1 was cultured for 5 hours (number shows
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the hour after the induction) and over-expressed in 5 hours after the induction. (B)
Time course analysis of DT1-DT2 at 37 °C, comparing the induced and the un-
induced whole cell. DT1-DT2 was over-expressed in 4 hours after the induction.
(C) Time course analysis of MalT at 37 °C, comparing the induced and the un-
induced whole cell. MalT was over-expressed in 4 hours after the induction.

DT1 and MalT were successfully purified by chromatography as shown in
Figures 3-3, 3-4, 3-5, and 3-6. Since there were impurities observed on a SDS-PAGE gel
after Ni affinity column chromatography of DT1, a gel filtration column was used to
obtain pure DT1. On the other hand, impurities were negligible on a SDS-PAGE gel
after Ni affinity column chromatography of MalT, a desalting column was used to
exchange buffer. DT1-DT2 was unable to be purified and the reason might be because
six-histidine tag is hidden in the protein molecule due to the disorder and so unable to
bind to the Ni affinity column during purification since DT1-DT2 flows through without

any imidazole.

Table 3-6. Optimal conditions for culturing in order to obtain high yield of each
protein.

Protein Name (C);r60vvth condition after the induction by 1.0 mM IPTG atdQ>
DT1 18-20 hours of incubation at 28 °C.

DT1-DT2 5 hours of incubation at 28 °C.

MalT 5 hours of incubation at 18 °C.
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Figure 3-3. Chromatogram generated by Bio-Rad DuoFlow as a result of gel
filtration column purification of DT1. DT1 was eluted into test tubes # 22 and 23
and samples #1 to 9 were used in SDS-PAGE analysis.

37kD —»

25kD —»

Figure 3-4. SDS-PAGE analysis of DT1 purified by gel filtration column
chromatography after Ni affinity column chromatography. DT1 was eluted with
500 mM imidazole followed by the gel filtration column chromatography since
impurities were observed. First lane from the left contains size marker and the
numbers for each lane correspond to the sample number on the chromatogram.
Samples # 5 and 6 were used in crystallization.
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Figure 3-5. Chromatogram generated by Bio-Rad DuoFlow as a result of

Ni affinity column purification of MalT. Impurities are mostly eluted at the
beginning as flow through, indicated by the elevation of the blue line from test tube
#1 to #13. MalT is eluted around 150 mM imidazole into test tube #29 to #33.
Samples labeled as #1 to #18 were used in SDS-PAGE analysis.

10 11 12 13 14 15
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Figure 3-6. SDS-PAGE analysis of MalT purified by Ni affinity column
chromatography. 15% SDS-PAGE gel stained with Coomassie blue. First lane
from the left contains size marker and the numbers for each lane correspond to the
sample number on the chromatogram. MalT was eluted with about 150 mM
imidazole and the amount of impurities was negligible. Samples # 12 - 14 were
pooled and used in further purification by a desalting column.

Based on the screening (Table 3-7 and Figure 3-7), the optimization of
crystallization condition for DT1 and MalT was conducted as follows. Initially, for DT1,
since crystals were found in Index #68 were relatively larger than the others and all

reagents in Index #68 (Jaffamine M-600 consists of O-(2-aminopropyl)-O’-(2-
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methoxyethyl)polypropylene glycol 500 and polypropylene glycol 500 mono-2-
aminoethyl mono-2-methoxyethyl ether) were available, optimization was tried by
varying the concentration of protein sample in a droplet (5-10 mg/mL of protein sample
was used to prepare various sizes of droplets), the pH ranged from 7.2 to 7.7, and the
trays were tried at temperatures 4 °C and RT. Moreover, the pH (7.8 or 8.8) during
purification was varied in order to see whether it affected crystallization of DT1. As a
result, larger needles were obtained with the protein purified at pH 8.8 and they were
more separated in reservoirs with 7.5, 7.6 and 7.7 compared to the original conditions.
However, they were not large enough for data collection. Therefore, optimization using
Index #38 or #76 were also tried in order to obtain single crystals for data collection of
DT1. So far, large single crystals have not been obtained even though the size of the
crystals has been improved after optimization. In order to obtain better crystals of DT1,
some trials should be performed such as changing the type of buffer for purification, the
amount of ATP, and also using different crystallization buffers that led to the crystal

formation of DT1 in the screening (Table 3-7).
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Table 3-7. Crystallization conditions that led to the formation of crystalline
material or small crystals for DT1 and MalT within a month.
Protein Name| Preliminary Crystallization Condition Appearance
DT1 Screen | #40 (0.1 M sodium citrate tribasic dehydrdieedles
pH 5.6 and 25% v/v 2-propanol)
Index #37 (25% w/v PEG1500) Crystalline
Index #38 (0.1 M HEPES pH 7.0 and 30 % v/v Crystalline
Jeffamine M-600 pH 7.0)
Index #66 (0.2 M ammonium sulfate, 0.1 M BIS-Trideedles
pH5.5 and 25% w/v PEG)
Index #67 (0.2 M ammonium sulfate, 0.1M BIS-TrisNeedles
pH 6.5, and 25% w/v PEG 3350)
Index #68 (0.2 M ammonium sulfate, 0.1 M HEPESNeedles
pH 7.5, and w/v 25% PEG 3350)
Index #74 (0.2 M lithium sulfate monohydrate, 0.1|Mleedles
BIS-Tris pH 5.5, and w/v 25% PEG3350)
Index #75 (0.2 M lithium sulfate monohydrate, 0.1|Mleedles and
BIS-Tris pH 6.5, and w/v 25% PEG3350) plates
Index #76 (0.2 M lithium sulfate monohydrate, 0.1|Mleedles and
HEPES pH 7.5, and w/v 25% PEG3350) plates
MalT Screen Il #1 (2.0 M sodium chloride and 10% w/v| A tiny plate
PEG6000)
Screen Il # 38 (0.1 M HEPES pH 7.5 and 20% w/\ A tiny
PEG 10000) crystal
Index #29 (60% v/v Tacsimate pH 7.0) Crystalline
Index #33 (1.1 M sodium malonate pH 7.0, 0.1 M | A needle
HEPES pH 7.0, and 0.5% v/v Jeffamine ED-2001 [p&hd tiny
7.0) crystal
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(A)

Figure 3-7. Crystals or crystalline like

objects found in screening for DT1 and
MalT. (A) DT1 in Index #38. (B) MalT
in Index#33. (C) MalT in Screenll #38.

Based on the screening (Figure 3-7), the optimization of the crystallization
condition for DT1 and MalT was conducted as follows. Initially, for DT1, since crystals
were found in Index #68 were relatively larger than the others and all reagents in Index
#68 (Jaffamine M-600 consists of O-(2-aminopropyl)-O’-(2-methoxyethyl)polypropylene
glycol 500 and polypropylene glycol 500 mono-2-aminoethyl mono-2-methoxyethyl
ether) were available, optimization was tried by varying the concentration of protein
sample in a droplet (5-10 mg/mL of protein sample was used to prepare various sizes of
droplets), the pH range from 7.2 to 7.7, and the trays were tried at temperatures 4 °C and
RT. Moreover, the pH (7.8 or 8.8) during purification was varied in order to see whether
it affected crystallization of DT1. As a result, larger needles were obtained with the
protein purified at pH 8.8 and they were more separated in reservoirs with 7.5, 7.6 and
7.7 compared to the original conditions. However, they were not large enough for data

collection. Therefore, optimization using Index #38 and #76 were also tried in order to
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obtain single crystals for data collection of DT1. So far, large single crystals have not
been obtained even though the size of the crystals has been improved after optimization.
In order to obtain better crystals of DT1, some trials should be performed such as
changing the type of buffer for purification, the amount of ATP, and also using different

crystallization buffers that led to the crystal formation of DT1 in screening (Table 3-7).

On the other hand, for MalT, even though crystals in Index #38 looked better than
the others, PEG10000 was not available. Therefore, PEG8000 was used instead of PEG
10000 to optimize the crystallization condition for MalT by varying the concentration of
protein sample in the droplet (about 5mg/mL was used to prepare various sizes of
droplets), the pH ranged from 6.8 to 7.8, the percentage of PEG8000 (20%-32%), and the
temperature (4 °C and RT). Moreover, using Tacsimate (Index #29, the mixture of
1.8305 M malonic acid, 0.25 M ammonium citrate tribasic, 0.12 M succinic acid, 0.3 M
DL-malic acid, 0.4 M sodium acetate trihydrate, 0.5 M sodium formate, and 0.16 M
ammonium tartrate dibasic), the optimization was performed at RT by altering the
percentage of Tacsimate (from 50% to 70%) in the reservoir solution. Crystals were
formed in a few weeks at 4 °C and in a month to a few months at RT (Figure 3-8).
Initially, good precipitates and small crystalline like objects were observed in droplets
that led to the formation of these crystals. However, it took a few weeks to months for
these crystals to grow in the droplets. As a result, reservoir solutions whose droplets
contained crystals were almost dried out when they were examined by X-ray diffraction.
Crystals in Figure 3-8 were mounted on the X-ray diffractometer but did not diffract

(simple scan by Dr. Leonard M. Thomas at the University of Oklahoma Macromolecular
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Crystallography Laboratory). It is possible that crystals shown in Figure 3-8 are just salt

or proteins that had just lost the order of the protein.

(B) 2
Q -
7 S
e Q"
93 )
()
o O
=

Figure 3-8. Crystals found inoptimizing the MalT crystallization. (A) Crystals

in a droplet containing 3 pL MalT (1 mg/mL) and 3 pL reservoir solution (60%
Tacsimate) at RT. (B) Crystals in a droplet containing 3 pL MalT (Img/mL) and 3
ML reservoir solution (65% Tacsimate) at RT.

Further investigations with these conditions are necessary to examine whether
crystals obtained in this condition were protein or salt crystals. Moreover, buffers used in
the purification should be investigated since in this research only Tris buffers were used
based on the literature that successfully purified each domain of MalT along with whole
MalT. Besides Tris buffer, HEPES, citrates and others may work better to purify these
proteins and affect their crystallization. In addition to buffer conditions, crystallization
conditions should be further investigated based on the screening since some reagents
were not available at that time and thus some conditions listed in Table 3-7 were not

investigated.
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Since crystals of DT1 or MalT have not been obtained, preliminary structural
studies have been performed by modeling DT1 based on the sequence using web servers,
SWISS-MODEL (an automated comparative protein modeling server) [93-95] and Phyre
(protein homology/analogy recognition engine) [96] (Figure 3-9). SWISS-MODEL
generated a segment, a model 1 (residues 32 to 68), based on the crystal structure of the
putative gluconate kinase from Bacillus halodura(RDB ID: 2BDT and sequence
identity = 34.375%) with Expect value (E-value) = 2:88ad a model 2 (residues 9 to
225) based on the crystal structure of RuvB complexed with RuvA (Holliday junction
DNA helicases) domain Ill from Thermus thermophiludIXS and identity = 14.041%)

[97] with E-value = 8.9é% On the other hand, Phyre generated ten models with better E-
value that is a factor showing the number of hits one can expect to see by chance [98]. A
model 3, d2fnaa2 (residues 10 to 237), was generated based on P-loop containing
nucleoside triphosphate hydrolases (identity = 12%) with E-value 2% ®hich belong

to the Family AAA-ATPase domain. A model 4, c2fnaB (residues 10 to 237), was
generated based on the conserved hypothetical protein from Sulfolobus solfataricus
(identity = 12%) with E-value = 9.98 A model 5, c2a5yB (residues 8 to 236), was
generated based on the crystal structure of apoptosome from the Caenorhabditis elegans
(CED4, identity = 12%) with E-value = 2.2% According to these models, DT1 may
consist of ehelices with a few {strands. However, since residue 60 and 61 are not
connected in model 3 and model 4 while-stfand is present around these residues of
model 4, there are differences among these models even though they look similar.
Therefore, further investigation is necessary to understand the structure of DT1 and how

DT1 interacts with Aes. Moreover, Phyre and SWISS-MODEL were also used for
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modeling MalT and DTADT2. However, only a part of them, which were alr the

sameas model 1 to 5, were generat

(A) (B)

N-terminus

(®) N-terminus

Figure 3-9 Models of DT1 These models were generated based on the seque
DT1. (A) and (B) were generated by SW-MODEL and (C), (D), and (E) ere
generated by Phyre. (A)odel 1 was based on the crystal structure of the put
gluconate kinase fromBacillus halodurans (PDB ID: 2BDT) with Expect value (-
value) = 2.908. (B) Model 2 was based on the crystal structure of RuvB comp
with RuvA (Holliday junction DNA helicases) domain Il froThermus thermophilus
(2IXS). (C) Model 3 was generated by Phyre, basethe Ploop fold containing
nucleosideriphosphate hydrolases. (D)odel 4 was generated by Phyre based
hypothetical protein frorSulfolobus solfataricus. (E) Model 5 was generated by Ph
based on the crystal structure of apoptosome frorCaenorhabditis elegans (CED4).
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3.4 Summary

The plasmids carrying DT1, DT1-DT2, amél T were constructed and DT1,
DT1-DT2, and MalT were successfully over-expressds. icoli in this study. Moreover,
DT1 and MalT were also successfully purified and as a result of crystallization screening,
there were some conditions that led to the formation of small crystals or crystalline like
objects, which were necessary to be optimized so as to obtain single crystals that diffract
and lead to the crystal structure determination of these proteins. Current work with some
conditions is quite promising. Therefore, continued work in optimizing conditions listed
in section 3.3 will lead to the structure determination of these proteins. The purification
of DT1-DT2 should be also investigated so as to purify DT1-DT2 since this region is a
critical part in the binding of Aes and ATP. The crystal structure determination of this
part should help understanding the relationship between Aes and this region of MalT.
Moreover, since the crystal structure of DT3 has been determined [92], crystal structure
determination of DT1-DT2 will lead to understanding of the structure of MalT and
subsequently the interaction between Aes and MalT. Purification condition for them can
also be optimized using different types of buffers such as HEPES, which may lead to
higher yield of these proteins, especially MalT since the yield of MaT is quite low
compared to other proteins studied in this research. Co-crystallization of these proteins
and Aes is challenging but worth trying in order to obtain co-crystals to understand how
they interact. Moreover, according to preliminary models of DT1 obtained using Phyre,
DT1 may contain éhelices with a few fstrands and model 3 might be close to the crystal
structure of DT1 since DT1 shows week ATPase activity as its template. However, since

there are differences among these models further investigation is necessary to conclude
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the plausible model of DT1 and know how DT1 interacts with Aes. Moreover, structural
studies of MalT and DT1-DT2 based on the sequence using SWISS-MODEL [93-95]
with MSA and docking between Aes and these proteins can be investigated further in

order to obtain better models so as to understand how Aes and MalT interact.
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CHAPTER 4

CONCLUSION

This dissertation reports the cloning, over-expression, purification, crystallization
and crystal structure analysis of Aes that belongs to the HSL family and is a down
regulator for MalT which is a transcriptional activator of the maltose regulon (Chapters 2
and 3). Aes acts as an acetyl esterase and a recent study suggests an interaction occurs
between Aes and-galactosidase, which is involved in the hydrolysis-tihked-
galactosides such as those found in the more complex sugars raffinose and melibiose.
Since Aes plays critical roles in carbohydrate metabolism, especially in the notable
maltose system in E. cglthe crystal structure determination of Aes will help
understanding the structures of homologous proteins and also lead to better understanding
of the maltose system in the future. In this study, a recombinant Aes in a six histidine tag
was crystallized (the space groups wese &d FB,) and the data set was obtained with
the range from 2.7 to 2.8 A. The crystal structure of Aes was determined using PHENIX
and COOT (see section 2.3.4). X-ray crystallography revealed that Aes contairgd an o
hydrolase fold similar to homologous proteins whose structures have been determined.
Moreover, according to the structural analysis and literature review, the catalytic triad of
Aes consists of Ser-165, Asp-262 and His-292 with Ser-165 being stabilized by His-292,

which, in turn, is also stabilized by Asp-262 through hydrogen bonding. Furthermore,
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Ser-165 is stabilized by weak hydrogen bonding from the HGGG motif. Aes also has a
long loop with a few ehelices around the N-terminus and contains a shallow cleft
consisting of hydrophobic residues, which lead to the substrate binding pocket and the
catalytic triad. As mentioned in sections 2.2.10 and 2.3.4, several homologous proteins
have been used to find the initial phases. However, acetyl esterase from Salmonella
typhimurium (PDB code: 3GA7) has been the only structure successful in determination
of initial phases. According to the comparison of crystal structures, there are slight shifts
between Aes from E. coland the search models except for 3GA7 even though the overall
structures of all contain théfhydrolase fold. In addition, the N-terminus of all of them

is highly flexible, leading to the difficulty in finding phases. The reasons why 3GA7
worked in molecular replacement is that the area of greatest difference, the loop of the N-
terminus, is not modeled in the structure of 3GA7 and the overall fold of the rest of the
molecule shows little structural difference with Aes from E. ¢(slie section 2.3.4). In

this study, the loop region around the N-terminus of Aes was built even though some
residues were still outliers in the Ramachandran plot. Since the crystal structure of Aes
was determined in this study including the N-terminal region which should be an
important part of Aes since it may act as a lid protecting the active site, the findings
should help further crystal structure determination of homologous proteins, leading to the
new finding about them. The ultimate goal is to know how MalT and Aes interact in E.
coli so as to understand the remarkable maltose system. Therefore, the crystal structure
of Aes will lead to this ultimate goal in the future since the knowledge of the structure

will give insight into the function of the protein.
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MalT is the transcriptional regulator for the maltose regulon that is a cluster of
operons and genes involved in maltose metabolism (see section 3.1). MalT is activated
by maltotriose and ATP and inactivated by three proteins; MalK, MalY, and Aes. Four
operons involved in the maltose system in E. eok mostly under the control of MalT.

Since the crystal structure of DT3 has been determined, besides the crystal structure
determination of Aes, another aim of this study has been to determine the crystal
structures of DT1, DT1-DT2, and MalT in order to understand how MalT and Aes
interact, which play a role in the remarkable maltose system. To achieve this, plasmids
carrying each portion of the gene of interest have been constructed and the proteins have
been over-expressed. In this study, DT1 and MalT were successfully purified and
crystallization has also been carried out in this study (section 3.2). However, high quality
crystals that diffract well enough for data collection have not been obtained yet. In order
to obtain high quality crystals, the following should be investigated for both proteins:
purification with different types of buffers and further optimization in crystallization

based on the results of crystal screening. Moreover, purification of DT1-DT2 will have

to be investigated with different buffers or methods. According to preliminary models of
DT1, DT1 may contaim-helices with a few {strands. However, the results were not
conclusive. Therefore, further investigation of these proteins in modeling will have to be

carried out in order to know how MalT and Aes interact in E. coli
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APPPENDICES

6.1. DNA sequence of aeggom E. coli str. K12 substr.

GENE ID: 947514 aes
CTAAAGCTGAGCGGTAAAGAACTGAGCGCCGTCGCGAAGAGCCTCGTCGGC
GGTTTTCATCATCCGTGAATAATGCAAAAAGGCGTGCAGCGTGCCTGGGTAG
AGTTTGAACTCACAGGGCTGCTGATGCGCCGCTAACGTCTGGTAAAGCAGAC
GGCTGTCATCCAGCAGCGGATCGAACTCCGCCCCGGCAATAAAACAGGGCGG
AACTTCGCGAGTGAGATCATTATTAAACAGACAGTAATACGGCGACTCGCGG
TCCGCGTCGTTGCTTAAATATGCCTCTTCGTACATCTGCAAATCCTGTTGCGTT
AAGCCATCCCAGACACCGCCCAACAGACGACGAGTCACGGAATCCCGTAATC
CGTAAAGCCCATACCACAGCAAAACGCCCGCAACTTTACCGCAATCGATCTG
TTTATCACGCAACCACAACGCACTGGCGAGCGCCAGCATGGCACCTGCGGAA
TCACCGGCAAAGCCAATGCGGGACATATTGATTTGATAATCCTCCGCCTGCTG
GTGGAAATAACAACAAGCAGCCACAATTTCCTCTATCGCTTGCGGAAAACGC
GCTTCAGGTGAAAGGGTGTAATCAATACCAATCACCGTACATTGGCTGTAGC
TTGCCAGCAGGCGCATGATGCGATCGTGGGTATCGAGATTGCCGAGAATAAA
ACCGCCTCCATGCAAATAAAATAGCGTCGCTGGGCTATCTGGCTGCGGACAA
AAGAGACGTGTTTCCACCTGCCCATATTTTGTTGGAACCATGTAAGCTCTGGT
TGCCATTTCTGGAGCGCCCGCATTCCAGAATCGGCGCTCAAGCGTGTAATACT
GTCGTTGCTCAGCAATCGTTCCCGTTGCGGGCCAGGGCGGTAAATCCGGCTG
AAGAGTATTCACAACGGTCTTCATTTCAGCAGAAATAAGGTCCAGAACAGGT
AGTTTGTTTTCCGGCTTCAT

6.2. Amino acid sequence of Aes from E. coli

MKPENKLPVLDLISAEMKTVVNTLQPDLPPWPATGTIAEQRQYYTLERRFWNAG
APEMATRAYMVPTKYGQVETRLFCPQPDSPATLFYLHGGGFILGNLDTHDRIMR
LLASYSQCTVIGIDYTLSPEARFPQAIEEIVAACCYFHQQAEDYQINMSRIGFAGD
SAGAMLALASALWLRDKQIDCGKVAGVLLWYGLYGLRDSVTRRLLGGVWDGL
TQODLQMYEEAYLSNDADRESPYYCLFNNDLTREVPPCFIAGAEFDPLLDDSRLL
YQTLAAHQQPCEFKLYPGTLHAFLHYSRMMKTADEALRDGAQFFTAQL
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6.3. The result of DNA sequencing for aes

T7promoter
TGTAGTGACGTACATTCCCCTCTGAATAATTTTGTTTAACTTTAAGAAGGAGA
TATACATATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGCATGA
CTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGATAAGGATCA
TCCCTTCACCATGAAGCCGGAAAACAAACTACCTGTTCTGGACCTTATTTCTG
CTGAAATGAAGACCGTTGTGAATACTCTTCAGCCGGATTTACCGCCCTGGCCC
GCAACGGGAACGATTGCTGAGCAACGACAGTATTACACGCTTGAGCGCCGAT
TCTGGAATGCGGGCGCTCCAGAAATGGCAACCAGAGCTTACATGGTTCCAAC
AAAATATGGGCAGGTGGAAACACGTCTCTTTTGTCCGCAGCCAGATAGCCCA
GCGACGCTATTTTATTTGCATGGAGGCGGTTTTATTCTCGGCAATCTCGATAC
CCACGATCGCATCATGCGCCTGCTGGCAAGCTACAGCCAATGTACGGTGATT
GGTATTGATTACACCCTTTCACCTGAAGCGCGTTTTCCGCAAGCGATAGAGGA
AATTGTGGCTGCTTGTTGTTATTTCCACCAGCAGGCGGAGGATTATCAAATCA
ATATGTCCCGCATTGGCTTTGCCGGTGATTCCGCAGGTGCCATGCTGGCGCTC
GCCAGTGCGTTGTGGTTGCGTGATAAACAGATCGATTGCGGTAAAGTTGCGG
GCGTTTTGCTGTGGTATGGGCTTTACGGATTACGGGATTCCGTGACTCGTCGT
CTGTTGGGCGGTGTCTGGGATGGCTTAACGCAACAGGATTTGCAGATGTACG
AAGAGGCATATTTAAGCAACGACGCGGACCGCGAGTCGCCGTATTACTGTCT
GTTTAATAATGATCTCACTCGCGAAGTTCCGCCCTGTTTTATTGCCGGGGCGG
AGTTCGATCCGCTGCTGGGATGACAGCCGTCTGCTTTACCAGACGTTAGCGGC
GCATCAGCAGCCCTGTGAGTTCAAACTCTACCCAGGCACGCTGCACGCCTTTT
TGCATTATCACGGATGATGAAAACCGCCCGACGAGGCTCTTCGCGACGGLCGC
TCAGTTCTTTACGCTCAGCTTAGAGGCGAGCTCACGATCGCCTGCTAACAAGC
CGAAGCAGCTGACTGGCTGCTGCCACGCTGGACCATACCTAGCTAACCCCTG
AGACCTTGACGATCTGAGGAGCTTTTTGAGC
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1500 —
1000—
500—
LA B L L e L L A L L L L N L
10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10950
e snlannann.nl Inanalils T e T T s T PN R ]
GATCTCACTCGCGAAGTT CCGCCC TGTTT ATTGC CGGGGC GG AGTTCGAT CCGCTGC TGGGATGACAGC CGTCT
905 210 815 s20 ) 930 935 840 845 950 955 960 265 a70 o978
1500—
1000 —
500 —
L 2 L L L L B L L L L L
11050 11100 11150 1200 11250 11300 11350 11400 11450 11500 11550 11600 11850 11700 1750 11800 11850 11200 11950
Inst ModelName:37 30/CORE-3730-18128-012 Puro Base QVs: -Ei—m_ Printed on: 7 08.2010 20:52:52 GMT
Sequence Scanner v1.0 Moend Base OVs M_ Electropherogram Data Page 3 of 5
AB I|ed DOB_MNAMgS-TTPRO_021 ab1 KB12 KB.bep
Biosys‘tems MNAmMEE-TTPRO KB_3730_POPT_BDTv1.meb
Signal: G:2970 A:3040 T-3134 C:2382 AvgSig: 2884 C#21 W.DE Plate Name:5107 TS:44 CRL:1028 QV20+:1010
snnlnas a0 [ RN L I I T I e e T L al _us
GCYYT.ACCAG.RCGYY.\GCGGCGC&TCAGCAGCCCTGT@#GYTCA&ACYCYACCC&GGC&CGCYGCACGCC \'YTT
880 85 290 585 1000 1008 1010 1015 1020 1028 1030 1038 1040 1045 1050
1500—
1000~
500 —
L B L L LR R R L L I L L L
12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12650 12700 12150 12800 12850 12900 12050
sns. ulls - - = B o oa
TGCATTA T CACGG ATGATG AAAACC GCCCGACG»‘GGCT eTT CGCGAC GGC GCT e TTCTITAC GE
1055 1080 1065 1070 1075 1080 1085 1080 1085 1100 1105 1110 1115
1500—
1000—
500—
L L L L L L L L L B L L L L L
13050 13100 1350 13200 13250 13300 13350 13400 13450 13500 13550 13600 13650 13700 13750 13800 13850 13900 13950
0010 .. »ea-sa- | - ces s B ERN . oW . WR Sl L - -
fCAGC T T AG A GG CGAGCTC&CG&T CGCCTGCTA&CA AG CC G AA GC AG CTG A
1120 1125 1130 1138 1140 1145 1180 1165 1180 1165
1500 —
1000—
500—
L L L L L L L L L B L L L L L L L
14050 14100 14150 14200 14250 14300 14350 14400 14450 14500 14550 14600 14650 14700 14750 14800 14850 14800 14950
R E— B BB wowm B Belle - AR T— " - o w B [
CTGE C TG EC TG CCA C GC TGGA CC AT A CC TAG C TA A cccc T AG A
17 1180 8 1190 1195 1200 1208 1210
1500—
1000 —
500 —
L B L L L L L B L L L L L L L L B
15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15800 15850 15800 15950
Inst ModelName:37 30/CORE-3730-18128-012 Puro Base QVs: -Ei—m_ Printed on: 7 08.2010 20:52:52 GMT
Sequence Scanner v1.0 Moend Base OVs M_ Electropharogram Data Page 4 of 5
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Appl ied DOB_MNAmp6-T7PRO_021 abi KB12 KBhbep

Blosystems MNAmpB-T7PRO KB_3730_POP7_BDTv1.mob
Signal: G:2970 A:3040 T:3134 C:2392 AvgSig: 2884 C#21 W.DE Plate Name:5107 TS:44 CRL:1028 QV20+:1010
(1] (] - 1 u - = - & - = ] ] - - = ] - -
cc T X G A c G A T € T G A G G AG ey T T T T G
1215 1220 1225 1230 1235
16500 —
1000—
500—
L | T T T T T T B 155 T | | | T |
18050 2 2 00 18500 6650 16 68! o
- al
A GC
1240
1500 —
1000—
500—
TrTrT
1520
Inst Model/Name:3730/CORE-3730-18129-012 Pure Base QVs -_ Printed on: 7 06,2010 20:52:53 GMT
Sequence Scanner v1.0 TR -‘9-5_ Electropherogram Data Page 5 of 5

GTGGCACAATCGCTTCCTTTCGGCTTTGTTAGCAGCCGGACGTTGAGCTCGCC
CTTCTAAAGCTGAGCGGTAAAGAACTGAGCGCCGTCGCGAAGAGCCTCGTCG
GCGGTTTTCATCATCCGTGAATAATGCAAAAAGGCGTGCAGCGTGCCTGGGT
AGAGTTTGAACTCACAGGGCTGCTGATGCGCCGCTAACGTCTGGTAAAGCAG
ACGGCTGTCATCCAGCAGCGGATCGAACTCCGCCCCGGCAATAAAACAGGGC
GGAACTTCGCGAGTGAGATCATTATTAAACAGACAGTAATACGGCGACTCGC
GGTCCGCGTCGTTGCTTAAATATGCCTCTTCGTACATCTGCAAATCCTGTTGC
GTTAAGCCATCCCAGACACCGCCCAACAGACGACGAGTCACGGAATCCCGTA
ATCCGTAAAGCCCATACCACAGCAAAACGCCCGCAACTTTACCGCAATCGAT
CTGTTTATCACGCAACCACAACGCACTGGCGAGCGCCAGCATGGCACCTGCG
GAATCACCGGCAAAGCCAATGCGGGACATATTGATTTGATAATCCTCCGCCT
GCTGGTGGAAATAACAACAAGCAGCCACAATTTCCTCTATCGCTTGCGGAAA
ACGCGCTTCAGGTGAAAGGGTGTAATCAATACCAATCACCGTACATTGGCTG
TAGCTTGCCAGCAGGCGCATGATGCGATCGTGGGTATCGAGATTGCCGAGAA
TAAAACCGCCTCCATGCAAATAAAATAGCGTCGCTGGGCTATCTGGCTGCGG
ACAAAAGAGACGTGTTTCCACCTGCCCATATTTTGTTGGAACCATGTAAGCTC
TGGTTGCCATTTCTGGAGCGCCCGCATTCCAGAATCGGCGCTCAAGCGTGTAA
TACTGTCGTTGCTCAGCAATCGTTCCCGTTGCGGGCCAGGGCGGTAAATCCGG
CTGAAGAGTATTCACAACGGTCTTCATTTCAGCAGAAATAAGTCCAGACAGG
TAGTTTGTTTTCCGGCTTCATGGTGAAGGGATGATCCTTATCGTCATCGTCGT
ACAGATCCCGGACCCATTTGCTGTCCACCAGTCATGCTAGCCATACAATGAT
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GATGATGATGATGAGACCCCCGCATATGTATATCTCTCTAAGTAAACAAAAT
TATTTCTAGAGGGGGATGTTTCCCGCTCACATTCCCGTATAGCGTGGATCGAT
TAATTCCGGATCGGAATCTCGATCCTCTAAGCCCCCGTACGACCATTCG

&% pplied DO7_MNAmgS-TTTerm_029.ab1 KB12 KBbep
Blosys‘tems MNAmMpE-T7 Term KB_3730_POP7_BDTv1.mob
Signal G:3837 A:3343 T:3137 C:3337 AvgSig 3438 C#28 WD7 Plate Name 5107 T5:43 CRL:964 QV20+:1008

||l|| -1 Z niln sl nlBRRNN . I|| . |lll||ll I'

GC GCCGGACG TG GCTCGCCCT CTA GCGGCGG

GTBGCACAA T @ ETTOGTT CBaeTTTGT
B85 70 75

5 10 15 20 25 30 as 40 45 50 55 B0

150 200 250 300 350 400 450 500 550 800 850 T00 750 800 850 900 950
Illl llIIlIIIIlI MEIIRTIRIRRaRE ™ IIIIIIIIIIIIIIlIIIIIIlIIIIIIIIIIIIIIIIIIl
CTGAG CGCCGT CGCGAAG AGC CT CGT cescscr‘rrrr_ 'rc ‘rr.cc.rc. ATGCAAAAAGGCGTGCAGCGTGCCTGEGGTAG
145 150 155

85 80 a5 100 106 110 115 125 135

llhmmmmnlhlmuunmmmnm nmuln mnmmnlmhun

1550 1600 1850 1700

llllllllllllllllllIllIIIIlllIIlIlIlllllllllllllllll|llllllllllllllllllllullllllllll
TGAACT CACAGGGCTGC TGATGCGCCGC TAACGTCTGGTAAAGCAGACGGCTGT CATCCAGCAGC GGATCGAACTCCGE

188 170 175 180 185 180 185 200 208 210 215 220 225 230 235 240

2850 2900 250

Ii!lllllllllllllllI!lIIllllllllllllllllllllllllllllllllllllllll(lllIllllllllllllllll
ACGGCGACTCGCGGTCCGCGTCGT

308 310 316 320 325

hmhlmlmﬂlmmmumumhummlnmmumm.mﬂmnnm

CCGGCA ACAGGGCGGAACTTCGCGAGTGAGATCA
245 250 255 260 285 27 275 280 255 2% 295 300

1000

mmummnhnmmhu L e T T,

3o 350 3800 3850 3900 3950

3050 3100 nso 3200 3250 3300 130 3400 MBO 3500 3550 3600 34850
Inst MedelName:3730/CORE-3730-18128-012 Pue Base OVs -—_ Printed on: 7 06,2010 21:01:44 GMT
Sequence Scanner v1.0 Maed Base GVs: _ Electropherogram Data Page 1of 5
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A‘\E Apphed DO7_MNAmPS-TTTerm_028.ab1 KB12 KBbep

BIOSYS'thS MNAmMEE-T7 Tarm K8_3730_POPT_BDTv1.mob
Signal: G:3837 A-3343 T:3137 C:3337 AvgSig: 3438 C#28 W.DT7 Pilate Name:5107 T5:43 CRLS64 QV20+:1006

111 inannnnnn ARRRRRN RN RN RN RN R RN R R RN elan NN NANNRRR NI 1
GCT TAAATATGCCTCT TCGTACATCTGCAAATCCTGTTGCGT TAAGCCAT CCCAGACAC CGCCCAACAG ACGACGAGTCACGGA

330 335 340 345 350 355 360 385 3n s 380 385 380 385 400 405 410

4350 4400
BRRRRRRRRRRRnnENuiiniupninnnld

415 420 425 430 435 440 445 450 455 4580 485 470 475 480 485 480

1000

Josraloas

AAAAMAAAAAANAANNANANAA AN AN A AANAANANAA AN N AN AA A A AN AAAN
0 8100 5150 5200 5250 50 5350 500 S4S) 500 S650 %00 S50 500 5 800 5850 5000 5950

1n [ AIRRRRIRRRARNRERED) TRRRRen RRRRNRRRRRRRENNND [ ARRIRIRNY
BCT GGCGAGCGCCAGCATGGCACCTGCGGAAT CACCGGCAAAGCCAATGC GGGACATATTGATTTGATAATCCTCCGCCTGET

500 505 510 515 520 525 530 535 540 545 550 555 580 565 570 575

1000

Jorraloay

.lllalal.ﬁl.ﬂta.gaa‘n.uJaluuuanagh;uualhaalh.1.M&Algaluunuu;;ss;au AN A,

6050 6100 @150 6200 6250 6300 6350  BA00 A4S0 @500 G50 BGO0 0050 070D 6750 80D G450 000D 0850
UL R RN RN RTINRl]) In FRRndnnnnuunneiiiunnin (RN LR RN Y]
GGT GGAAATAACAACAAGCAGC CACAATTTCCTCTATCGCT TGCGGAAAACGCGCT TCAGGTGAAAGGGT GTAATCAATACCCA

580 585 580 585 800 805 B10 815 820 825 830 B35 B840 B45 850 655 860

1000

Tos0 moo 7150 7200 7250 7300 7350 7400 ras0 7500 7550 1600 Tes0 Troo 750 800 Tas0 7900 950
520
Inst Model/Name: 3730/CORE-3730-18129-012 Pure Base OVa _ Printed en: 7 08,2010 21:01:44 GMT
Sequence Scanner v1.0 Meod Base (Vs I‘“‘_ Electropherogram Data Page 2 of 5

A Apphed DO7_MNAmp&-TTTorm_029.ab1 K812 KBbep
B

Blosystems MNAmMEE-T7 Term KB_3730_POPT_BDTv1.mob
Signal: G:3937 A:3343 T:3137 C:3337 AvgSig: 3438 C#28 W.D7 Plate Name:5107 TS:43 CRL:SS4 QV20+:1006
IisnlBBnnnnnifineil B0 Nawn RRRR RN nRRRRRuRnnnn ol nniiontonlnalnbanlialinninnnis
AT CACCGTACAT TGGCTGTAGC TTGC CAGCAGGC GCATGATGCGATCGTGGGTATC GAGAT TGCCGAGAATAAAACCGCCTC
B85 670 E75 B&0 685 890 695 To00 705 710 715 720 725 T30 T35 T40
1000
8050 8100 B150 8200 8250 B300 B3SO B400 B450 8500 8550 8600 8650 8150 8300 Ba50 B 8950
anloaBBRalBRERORD 1 TosnBaandBanninaslannflBnaasnnninl sesulBa anulBuund anl am
CATGCAAATAAAATAGCGTCGCTGEGGBCTATCTGGCTGCGGACAAAAGAGACGTGTTTCCACCTGC CCATATTTT GTTGGAAC
745 750 755 T80 Te5 770 775 780 785 T80 TE5 BoO 805 810 815 B20
1000 —]
-u-;uru-pu-.l.u|-|--|||-|-||--||||--u]..--|4---;|--.|r|--||-|-|||--|-||-||-|||-||||--u|“-||-;-r
2050 900 9150 9200 9250 9300 9350 8400 9450 500 9600 9650 700 9750 9800 850 9000 9950
s o n e Bulonan0otoe snl0anllo Donannnan 0 fannna s d0nlulfl annlonbonnnnnnlalannnnl n
CATGTAAGCTCTGGTTGCCATTTCTGGAGCGCCCGCAT TCCAGAA TCGGCGCTCAAGCGTGTAATACTGTCGTTGCT CAC
825 830 B35 840 845 B850 855 Beo 885 870 875 880 8as 880 Bes 800
1000
L e e R L e L L L L L R R
10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10950
s Dowa Bul0aaannlanann O nntanflannBanman aunw Baunoe sannonoBan calo anmnanl o
CAATCGT TCCCGT TGCGGGCCAGGGBCGGTAAATCCGEC TGAAGAGTATT CACAACGGTCTT CATTT CAGCAG AAATAA
905 810 815 820 825 830 835 840 845 850 855 860 965 ar0 975 o280
1000
_|r:|irll||rvlvl|v|||||v|||rlr'[l||l[l||r]||||Ti|||il||r|r|||[vll||rvl|||rl||rlrlllvlv]llrlllllrlllll
11050 11100 11150 11200 11250 11300 1350 11400 1450 11500 11550 11600 11650 11700 1750 11800 11850 11900 11950
Inst ModelName: 3730/CORE-3730-18128-012 Purn Base QOVs _ Printed en: 7 08,2010 21:01:44 GMT
Sequence Scanner v1.0 Meed Base Vs _ Electropherogram Data Page 3ol &
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A Apphed DO7_MNAmp&-TTTorm_029.ab1 K812 KBbep
B

Blosysterns MNAmMEE-T7 Term KB_3730_POPT_BDTv1.mob
Signal: G:3937 A:3343 T:3137 C:3337 AvgSig: 3438 C#28 W.D7 Plate Name:5107 TS:43 CRL:SS4 QV20+:1006
N TR sataln n Bowon omuw. wan cww wlasuwnmnm. v w00 0w fe - an .u.ln
GTCCAG A CAGGTAGTTT GTTTTCC GGCTTCATGE TGAA GGGATGATCC TTATCGTCATCGT CGTACA G AT CCC
985 990 995 1000 1005 1010 1018 1020 1028 1030 1035 1040 1045 1050
1000
12050 12100 12150 12200 12250 12000 12350 12400 12450 12500 12550 12600 12650 12700 12750 12600 12850 12900 12950
N L T PR NN e N N e ) [ - e - "R Nanw png . _ - ull. I
GGA CCC A TTTGCTGT CCACCAGT CATGCTAGCCATA CAATG ATGATGATGATGATGAG A CCCCCEBC ATA TG
1060 1065 1070 1075 1080 1085 1080 1085 1100 1 1110 1118 1120 1125
1000
L L L L L L L B L L B L L L L
13050 13100 13150 13200 13250 13300 13350 134D0 13450 13500 13550 13600 13650 13700 13750 13800 13850 13900 13950
S e B L m = e miem a almeells sisele sass —wlls S o Ul s M mcw)
TATATCT €© T €T AAG T AAACAAAA TTATTT CTAG MGGGGG A TGT T k& C€CCG CT C .«
1130 135 1140 1145 1180 1158 1160 1185 170 1178 1180
1000
L I I B L L B B B R N R R R EEEE R EEEEREEEE e
14050 14100 14150 14200 14250 14300 14350 14400 14450 14500 14550 14600 1450 14700 14750 14800 14850 14900 14950
3 ] in L. » | I D T - s ] (1 - = o e W e B —
A T ccC Cca T AGCT GCA T €6 ATT A TT cc [{e] AT € G (A A T CTC <]
1185 1180 1185 1200 1208 1210 | 1220
1000
15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 95800 15850 15000 15950
Inst ModelName: 3730/CORE-3730-18128-012 Purn Base QOVs _ Printed en: 7 08,2010 21:01:44 GMT
Sequence Scanner v1.0 ummseuw“_ Electropherogram Data Page 4 of 5

A'\g Applied DO7_MNAmp6-T7Term_029.ab1 KB12 KBbep

Blosystems MNAMpB-T7Term KB_3730_POP7_BDTv1.mob
Signal: G:3937 A:3343 T:3137 C:3337 AvgSig: 3436 C#29 WD7 Plate Neme:5107 TS:43 CRL:964 Q2041006
T Sl D e 5 iR o e
AT €cT €T A A®WC cCC GT A CGACCAT TCa
1225 1230 1236 1240 1248 1260
1000

LA L L L L L L L L
16050 16100 16150 16200 16250 16300 16350 16400 18450 16500 16350 16600 16650

1520

Inst Model/Name:3730/CORE-3730-18128-012 Pue Base ovs: [ Printed on: 7 06,2010 21:01:44 GMT
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6.4. Mass spectometry

forarityl Mascot Search Results

Uaer 1 Janet

Email 1 jrogers®bilochem.cketate.adu

Search titls : 571 _2b MW

Database 1 MSDE 20060831 (3239079 sequences; 1079594700 residues)

Timsatamp ¢ 18 oct 2007 at 16:51:54 GMT

Top Score » 126 for ced778, probable carboxylesterase (BEC 3.1.1.1) ybaC - Eacherichia colil {(strain E-12)

Probability Based Mowse Score

Protein scove 15 -10%Log(F), whera P is the probabiliny that the obzarved mateh 15 a random event.
Protein scores greater than 78 are sizmficant (p=-0.03).

Munber of Hits

T
10¢ 123
Probability Bazed Howse Score

Concise Protein Summary Report

Ebncése F;n:-ﬁ;in -5ummary ] Halp

Significance threshold p= ' 0.05 Max number of hits AUTO

[ Re-Search All | [ Search Unmatched |

1. CH4TTE Mass: 36011 Score: 125 Expects 1le-05 Quaries matched. 14
probable carboxylesterase (EC 3.1.1.1) ¥baC - Escherichia coli (strain K-12}
ABESS0EE Masa: 160389 Score: 90 Expect: ©.0031 Queries matched: 12
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0038 MID: - Shigella boydii sb227
3 Mass: 16015 Score: 20 Expect: 0.0031 Queries matcheds 1z

CROO0038 WID: - Shigella scnnei Ss046
AEEZ SHIFL Mass: 26014 Score: 20 Expect: ©.0021 Queries matched: 12
Acetyl estarase (EC 2.1.1.-).- Shigeslla flexneri.
ADOSE3E Maga: 315011 Scores 87 Expect: 0.0062 Queries matched: 10
probable lipasze [importsd] - Escherichia coli (strain C157:H7, Substrain RIMD 0509352)
BAAL430E Masa: IL5ED Score: T8 Expact: 0.0l Querieg matched: 11
ECOADEVIS NID: - Escherichia coli
AANTIOTS Masa; 36152 Score: 73 Expect: .17 Queriss matched: 3
AE014075 NID: - Eacherichia coli CPTO73
QLZISS_SEAMM Mases 1011% Scorer SZ Expect: 21 Queries matched: 4
Hypothetical protein.- Eeychromonas sp. CHMET2.
QIEAW1 ARATH Mame: 13632 Scorer Sl Expect: 2f Queries matched: 5
Protein At3g30360.- Arabidopsis thaliana ({Mouse-ear cress).
Q2DTYT SCHLE Mags: 43036 Score: 50 Expect: I9 Queries matched: &
Phoaphoglycerate kinase [BEC 2.7.2.3).- Dehalococcoides sp. BAVL.
2. L+] 2 OR¥YER Mags: 180358 Score: &2 Expsct: 0.54 (ueries matched. 13
Putative polyprotein.- Oryza sativa (japonica cultivar-group).
Q2QPAT ORYSA MazZs: 198644 Scoren 57 Expect: & Queries matched: 1z
Retrotransposon protein, putative, Ty3-gypsy subclazs.- Oryza sativa (japonica cultivar-group).
QTXQOMZ ORYSA Maggs 200373 Score: 57 Expect: 6.2 (ueries matcheds 12
CEJHESOCESELZ2.2 protein.- Oryza sativa (Rica) .
@BLLEZ ORY¥SA Mage: 203060  Jgores 57 Expect: 7.1 Queries matched: 12
Futative retroelement (Retrotransposon protein, putatiwve, Ty3-gypsy sub-class) .- Oryza sativa [(japonica cultivar-group).
QOLMC1 _OBYSA Maggs 2023349 Score: 57 Expact: 7.1 Queries matched. 12
Futative retroelement (Estrotransposon protein, putatiwe, Ty3-gypsy sub-class) .- Cryza sativa (japonica cultivar-group).
QIQPKI ORYSRA Magg: 205152 Scorer 56 Expect: BE.9 (Queries matched: 1I
Retrotransposon protein, putative, Ty3-gypsy subclaze.- Oryza sativa (japonica cultivar-group).
Q4TBCT TETHNS Magss 16150 Scoren 52 Expect: 23 Queries matched: =
Chromogome undetermined SCAFT151, whole genome ghotgun sequence. (Fragment).- Tetracdon nigroviridis (Sreen puffer).

Search Parameters

Type of search Feptide Mass Fingserprint

1
Enzyms 1 Trypsin

Variable modifications : Gln->pyro-Glu (N-temm Q) ,oxidatiom (M),Proplcnamidse (<)
Mass valuss 1 Monolsotoplc

Frotein Mass 1 Unrestricted

Peptide Mass Tolerance : + 100 ppm

(MATELY) N[ascot Search Results

Protein View

Match to: ©§4770 Scors: 126 Expect: le-08
probable carboxylesterase (EC 3.1.1.1) ybaC - Eacherichia coli (ztrain E-12)

Wominal mass (Mg): 36011; Calculated pI value: 4.95
HCBI BLAST search of CE4778 againast nr
Unformatted sequence string for pasting into other applications

Taxonomy: Escherichiaz ooli

Links to retrieve other entries ceontaining this eequence from WCOBI Entrez:
ARD40230 from Eacherichia coli

ARC72572 from Eacherichia coli Kiz

BaE75255 from Eacherichia coli W3allo

AEE_ECOLI from Bacherichia coli

variable modifications: Glo-=pyro-Glu (H-term @) ,Oxidatien (M), Propicnamide ()
Cleavage by Trypsin: cute C-term side of KR unlees next residue i= P

Wumber of mass values searched: 23

Humber of maes values matched: 14

Ssquence Cowerage: 36%

Matched paptides shown in Bold Red

1 MKFENELEVL DLISAEMETV VNTLOFDLPP WPATGTIAEQ ROYYTLEREF
51 WHASAFEMAT RAYMVETEYE QVETRLFCPQ POSEATLEYL HGOGFILGNL
101 DTHDRIMELL ASYSQCTVIG IDYTLEPEAR FPOALEEIVA ACCYFHODAE
151 DYQINMERTSE FAGDSASAML ALRSATWLED KOIDOSEVAG VLIWTGLYSL
201 RDSVTERRLLE GVWDGLTQOD LOMYEEAYLS NODADRESEYY CLFMNDLTRE
2B81 VPECFIAGAE FOPELLDDERL LYQTLAAHOD PCEFKLYPGT LHAFLHISEM
301 METADEALRD GAQFFTAQL

[ Show predicted peptides also ]

Sort Peplides By @ Fesidue Mumber Increasing Mass Decreasmg Mass

Start - End cheerved Mr {expt) Mri{calc) Ppm Mi=s Sequence
19 - 41 25604 .3524 2503.3451 2603.3071 18 0 E.TVWNTLOPDLPPWPATGTIAEQR.Q
2 - 48 GEE . 4240 954 4187 G54 . 4447 -29 0 R.QIYTLER.E Glo-»pyro-clu (H-term Q)
2 - 42 72 .4500 971.4427 871.4712 -29 0 R.QYYTLER.R
49 - 1 160&.7317 16505.7244 1605.7107 3 1 R.RFWNAGAPEMATE.A
43 - 1 1522 .7400 1521.7327 1521.7147 i3 1 ER.RFWHAGAPEMATE.AR Oxidation
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60 - 61 13E0.6178 1340.6105 1340.6108 0 R.FWMAGAPEMATE.A

-8
B - §a 1366.6062 1365.5989 1365.813& =11 O R.FHNAGAPEMATR.A Oxidaticn (M)

69 - 78 852 .3876 2E1.3803 8E1.4137 -38 0 E.¥YGEOVETR.L

158 - 179 2081.1276 2000.1203 2000.0883 11 0 R.IGFAGDSAGAMLALASALWLE.D

188 - 179 2107.1570 2108.1497 2108.0022 a7 Q2 R.ISFAGDSRGAMLALASALWLE.D oOxidaticn (M)
128 - 201 1578.9017 1578.8044 157 22 1 0 K.VASVLLWYSLYSLER.D

296 - 299 1674.8794 1673.8721 1673 .887R 3 0 E.LYPGTLHAFLHYSE.M

303 - 308 T7E.3670 774.3597 774.3872 =36 @ K.TADEALR.D

a3 - 318 10853 .9030 1962.0057 19262.89086 0 1 K.TADEALRDGACFFTAQL. -

Wo match tos B15.3870, 943.4620, 1207.47824, 1302.6248, 1305.7621, 1461.947%, L611.9067, 2046.0%06, 2520.3204

’i =}
5 0 Wi
£
fin}

_35 s

S TN FERN ) e e e (R e e B o o 5 o
L0 1600 20 2B

RHS error 20 ppn Hazz <Dad

»F1;CE4TTE

probable carbowylesterase (BEC 1.1.1.1) ybaC - Eescherichia coli (strain K-12)
C;Epecies C64778: Escherichia coli

Cj;Epecies AMB40230: Escherichia cold

C;8pecies AACT3IETE: Escherichia coli Kiz2

C;8pecies BAET6255: Escherichia coli wWallo

C;Epecies AEE ECOLI: Escherichia coli.

C;Date: 12-8e0-1937 #oequence_revieion 17-Sep-1997 #text change 05-Jul-2004
CiAccession: CE4TTE; JUD3L13

R;Blattner, F.R.; Plunkett III, &@.; Bloch, C.A.; Perna, WN.T.; Burland, V.; Riley, M.; Collado-Vides, J.; Glasnmer, J.D.; Rode, C
Science 277, 1453-1462, 1937

A;Title: The complete gencme seguence of Escherichia coli K-12.

A;Reference number: AE4720; MUID:97426617; EMID:9278503

AjAccession: CE4T72

Aj8tatus: nucleic acid ssquence not shown; tranelation not shown

A;Molecule typs: DNA

AjResidues: 1-319

AjCross-refersnces: UMIFROT:P23872; UNIPARC:UPIQOQ012564E; GB:AB0Q00153; SB:U00096; WID:gl7E6671; PIDM:AACTISTS.1l; FPID:gl7E66E2;
A;Experimental source: straim K-12, subatrain M31655

B;Miyamoto, K.; Nakshigashi, K.; Wishimura, K.; Inokuchi, H.

pubmitted to JIPID, December 1330

A;Reference number: JU0312

AjAccession: JUD3I11

AjMoleculs typs: DNA

A;Residues: 1-1466, 'VECWREEVROGCVINRESIAVELRAFCOSMSFTOYGIE!
AyCross-refarences: UNIBARC:UPIOO00178070C
A;Experimental source: strain K1z, substrain CAz274
Ci;Genetics:

A;Gene: ybac

A;Map positicm: 11 min

C;8uperfamily: probable lipolytic protein ybac
CjKeywords: carboxylic sster hydrolase
F;91, 168 /Active aite: His, Ser #status predicted
C;ERCOB PIRZ

C;I0M GENEBANE AAB40Z310; AACTIETE; BAETSE255;

€; IDN_SWISSPROT AES_EODLI;

6.5. DNA sequence of DT1 from E. cali

ATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCGACTCGACCATACCGTGGT
TCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCGAACAACTTCCGGCTGGCG
CTGATCACGAGTCCTGCGGGCTACGGAAAGACCACCCTCATTTCCCAGTGGG
CGGCAGGCAAAAACGATATCGGCTGGTACTCGCTGGATGAAGGTGATAACCA
GCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGTGCAGCAGGCAACCAAC
GGTCACTGTGCGATATGTGAGACGATGGCGCAAAAACGGCAATATGCCAGCC
TGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTGGCGGAATGGCATAGCCCA
CTTTATCTGGTCATCGATGACTATCATCTGATCACTAATCCAGTGATCCACGA
GTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATCTCACCCTGGTGGTGT
TGTCACGCAACCTTCCGCAACTGGGCATTGCCAATCTGCGTGTTCGTGATCAA
CTGCTGGAAATTGGCAGTCAGCAACTGGCATTTACCCATCAGGAAGCGAAGC
AGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAGCCGCAGAAAGCAGTCGG
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ATTTGCGATGACGTTTCCGGTTGGGCGACGGCACTACAGCTAATCGCCCTCTC
CGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCACGC

6.6. Amino acid sequence of DT1 from E. cali

MLIPSKLSRPVRLDHTVVRERLLAKLSGANNFRLALITSPAGYGKTTLISQWAAG
KNDIGWYSLDEGDNQQERFASYLIAAVQQATNGHCAICETMAQKRQYASLTSLF
AQLFIELAEWHSPLYLVIDDYHLITNPVIHESMRFFIRHQPENLTLVVLSRNLPQLG
IANLRVRDQLLEIGSQQLAFTHQEAKQFFDCRLSSPIEAAESSRICDDVSGWATAL
QLIALSARQNTHSAHKSAR

6.7. The result of DNA sequencing of DT1.

T7 promoter
TGGGATGTGGCGTACATTCCCCTCTAGAATAATTTTGTATTAACTTTAAGAAG

GAGATATACATATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGC
ATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGATAAGG
ATCATCCCTTCACCATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCGACTC
GACCATACCGTGGTTCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCGAACA
ACTTCCGGCTGGCGCTGATCACGAGTCCTGCGGGCTACGGAAAGACCACCCT
CATTTCCCAGTGGGCGGCAGGCAAAAACGATATCGGCTGGTACTCGCTGGAT
GAAGGTGATAACCAGCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGTGC
AGCAGGCAACCAACGGTCACTGTGCGATATGTGAGACGATGGCGCAAAAAC
GGCAATATGCCAGCCTGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTGGCG
GAATGGCATAGCCCACTTTATCTGGTCATCGATGACTATCATCTGATCACTAA
TCCAGTGATCCACGAGTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATC
TCACCCTGGTGGTGTTGTCACGCAACCTTCCGCAACTGGGCATTGCCAATCTG
CGTGTTCGTGATCAACTGCTGGAAATTGGCAGTCGGCAACTGGCATTTACCCA
TCAGGAAGCGAAGCAGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAGCCG
CAGAAAGCAGTCGGATTTGCGATGACGTTTCCGGTTGGGCGACGGCACTACA
GCTAATCGCCCTCTCCGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCA
CGCTAGAAGGGCGAGCTCAACGATCCGGCTGCTAACAAAGCCCGAAAGGAA
GCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGG
CCTCTAAACGGGTCTTGAGGAGTTTTTGCTGAAAGGAGGAACTATTATCCGG
ATATCCCGCAGAGGCCCGCAGTACCGGCATAACCCAAGCCTATGCCTAACAG
CATCCAGGTGACGTGCCGAGATGACGATGAGCCGCATTGGTAGATTTCAAAA
CACCGGTGCCTGACTGGCGTAGCATTGACCTGTGATAAACTACCCGCCATCA
AAGCCTATCCGAGATAGCCTGTCAAACTTGGAAAGTATTCCTGGAGAGCAAG
GCCCTTTGTGTATTACGCCCCAATATTGTGAG

104



A% Iled MaIT-T7PRO.ab1 KE12 KBbep
Blosystems HalT-TTPRO K8_$730_POP7_8DTy1.mob

Signal: G:606 A-421 T:487 C:362 AvgSig: 469 C#:18 W:A3 Plate Name:11157 T5:42 CRL:1010 QV20+:1009
L L L P N e N N e N S IR IR RN NN TR ]|
TGEGATGTG G CG T ACA T T GCCCT CTAG A ATAAT TTT GTAT TAAC T T TAAG AAGG AG ATATACATAT GCGGGGT T CT CAT CAT

5 10 15 20 25 30 35 40 45 50 85 60 65 70 75 80

50 100 150 200 250 3D 0 400 450 500 550 600 650 100 50 800 850 00 050

L e N e R R R R RNy
AT CAT CAT CATGGTATGGCTA GCATGACTGGT GG ACAGCAAATGGGT CGGG AT CTGTACGACGATGACGATAAGGAT CAT CC
85 80 95 100 108 110 115 120 125 130 135 140 145 150 158 160

1050 1100 150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
LR R R R R R R RN R I ANl
CTTCACCATGCTGAT TCCGT CAAAACTAAGTCGTCCGGTTCGACTCGACCATACCGTGGTTCBT GAGCGCCTGC TGGC TAAAC

170 176 180 185 190 195 200 205 210 215 220 225 230 235 240 245

2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2850 2700 2750 2800 850 2000 2050

ARRRRRR AR RN R R RN RN RN NN AR RRn R nnnnnEn pRn NN RN nenEERENER NN
TTTCCGGCGCGAACAACT TCCGGCTGGCGCTGAT CACGAGTCCTGCGGGE TAC GGAAAGACCACCCTCAT TTCCCAGTGGGE GEC

250 255 260 265 i) 75 280 285 280 285 300 305 30 35 320 325 330

Inst ModelMame:3730/CORE-3T30-18129-012 Pue Base QVs -'LN_ Printed on: 7 06.2010 21:40:42 GMT
Sequence Scanner v1.0 Mm“u“w“_ Electropherogram Data Page 1 of 5
A'\% Apphed MaiT-T7PRO.ab1 K812 KBbep
f Blosysterns MalT-TTPRO KB_3730_POPT_BDTv1.mob
Signal: G:806 A:421 T:487 C:362 AvgSig: 469 C#:16 W-A3 Piate Name: 11157 TS:42 CRL:1010 QV20+:1009
RRRN RN RN RN RN RN RN R R RN RN N e RN RN AN RN RRNRN RN NRRORRRRINNRN
AGGCAAAAACGATATCGGCTGGTACTCGCTGGATGAAGGTGATAACCAGCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGT

335 340 345 350 385 360 385 3m 375 380 385 380 3 400 405 410 415

1500—
1000—

sl hmlhu“m“hl“llhﬂul“luul A\ anpsa WA WA WA WA

4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4800 4850 4200 4350

IIIIIIIIIIII SRR RN . R R RN RN RN RN RN RN RN R RN R en e nenEnannEnRIn NI
GCAGCAGGCAAC CAACGGTCACTGTGCGATATGT GAGACGATGGC GCAAAAACGGCAATATGCCAGC CTGACGTCACTCTTCG

420 425 430 435 440 445 450 455 480 465 470 475 480 485 480 485 500
1500—
1000—

ool A AR AN A hi‘muhulluulhhmlhhu

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5850

RRRRRRERRReRRRRRRRRRRRRRARDRRRRERN] IIIIIIIIIIIIIIulIIIIllIulllllllllullllllulll
CCCAGCTTTTCATTGAGCTGGC GGAATGGCATAGCCCACT TTATCTGGT CATCGATGACTATCATCTGATCACTAATCCAGTG

505 510 515 520 525 530 535 540 545 550 555 580 585 570 575 580

1
A

1500—
1000—

soo— M Aana iV s e At A A A A A A A

8050 8100 6150 6200 6250 6300 B350 6400 6450 8500 8550 8600 8650 6700 8750 6800 6850 6900 6950

Than RN RN R an RN AR RN RRRRR R NN R N nn D mn DRNRRR R R ca R R RNRRRD R RO D Rnnn R a R anan RN RRRuunll
TCCACGAGT CAATGCGC TTETTTATTCGCCAT CAACCAGAAAAT CTCACCCTGGTGGTGT TGTCACGCAAC CTTCCGCAACTE

580 585 600 805 610 815 620 825 B30 635 B840 845 B50 B55 -] B85
1500 —
1000—
uhmm umhdmm.mh VANV M A A VANV A Y
T 750 7IS0 7400 TS0 7500 7S50 TES0 MO0 TS TEOD  7ESD  TH0D 7950
Inst ModelName: 3730/CORE-3730-18128-012 Purn Base QOVs _ Printed en: 7 06,2010 21:40:42 GMT
Sequence Scanner v1.0 ummseuw“_ Electropherogram Data Page 2ol &
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AB Applled MaiT-TTPRO.ab1 KB12 KBbcp
\) Biosystems MalT-T7PRO

KB_3730_POPT_BOTv1.mab
Signal G:808 A:d21 T-487 C:362 AvgSig: 469 C#:16 W:AJ Plate Name:11157

T5:42 CRL:1010 QV20+:1009
il amu. RRNRRDRRI . IRRRRRNRE

[ ARNEIRIRARRRRA NI [ARARENENTY |
GGCATTGCCAATCTGCGTGT TCGT GATCAACTBCTGGAAATT GGCAGTCGGBCAACTGBCATTTACC CAT CAGGAAGC GAAGC

B70 675 B8O 685 630 695 700 705 710 718 T20 725 T30 738 740 745

L] 8100 8150 8200 8250 B300 BaS0 8400 8450 8500 8550 8600 8050 BT00 arso EB00 Ba50 E000 Bos0
[ERNIRRAN] AR ARRERTIR TN} (ERRTRTRANINI NN N} seannlanunans nalaln
GTTTTTTGATTGCCGTCT GTCATCGCCGAT TGAAGCCGCAGAAAGCAGTCGGATTTGC GATGACGT TTCCGGTTGGGC GAC
755 &0 TES 770 775 - 785 780 7895 800 B80S 810 815 B20 B25 830

wBaalo Buwn _ soBasnulalfnanlinls L ] ll'lllll_-lIIlll-'ll'lIll'lllIlIIIII.IIII
GGCACTACAGCTA AT CGCCCTCTCCGCCCGGCAGAATAC CCACTCAGCCCATAAGTCGGCACGCTAGAAGGGCGAGCTCAAC

835 B840 845 850 855 850 885 870 875 880 885 830 885 800 905 10

10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750

moan® snon.nenanl0 o BB Dulalo oo s nan a0 aunnnaitsn. -fw e nn wnunn wann B0 0ananll
GATCCGGC TGCTAACAAAGCCC GAAAGG AAGC TGAGTT GGCTGC TGC GCTSJ\GCAATA:‘\CTAGC:‘TRACCCCTTGGG

15 20 925 930 835 840 845 850 955 960 885 870 75 980 985 890

10800 10850 10800 10950

om
).u
n-

11050 11100 11150 11200 11250 11300 11350 11400 11450 11500 11550 11600 11650 11700 11750 11600 11850 11900 11950
Inst ModelName:3730/CORE-3730-18129-012 Py Bl Vi -"—"‘_ Printed on: 7 06,2010 21:40:42 GMT
Sequence Scanner v1.0 m-m&use(}wsm‘s_ Electropherogram Data Page 3 of 5

AB Applled MelT-T7PRO.8b1 KB12 KBbep
Blosys‘tems MaIT-T7PRO

KB_3730_POPT_BDTv1.mob

Signal: G:806 A:421 T-487 C:362 AvgSig: 468 C#168 W-A3 Flate Name: 11157 T5:42 CRL:1010 QV20+:1009
sals.n. 0o Buwccan.._.anlll, Bl el o8 o0 o8 S naasa- conlBos sls wa B8 58l e
GCCTCTAAACGEGETCTTG AGGAGTTTTTGCTG AAA GGAGGAACTATTAT CCGGATAT CCC GC A GAGGCCE G CAGTA

1000 1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 10585 1060 1085
1500—
1000 —

12050 12100 12150 12200 12250 12300 12350 12400 |245ﬂ 12500 19560 12600 12650 12700 12750 12600
Do _vBaaalal. 0. Bnaans

- [ § §
CCGGCATAACCCAAG CCTATG CC TASCA G c»\'r cc A c. G T BJ\C G T GCE‘. G A G ATGACGATG RGCCGCATTGG TA Gn
1075 1080 1085 1080 1095 1100 1106 1110 1115 1120 11256 1130 1135 1140
1800 —
1000 —
500~

13050 13100 13150 13200 13250 13300 13350 13400 13450 13500 13550 13600 13650 13700 13750 13800

13850 13900 13950

als cocecaanull.. . B rlanic e = ue = i . ) ( Bocwen- - » Bam B e
TTT CAAAMACACCGGT G CCTGACTGGC G T AG C A TTG ﬂ CCTCT G AT AAACTACCCGCCA T cAﬂﬂ GCC T AT
1145 1150 1185 1180 1185 170 1176 1180 1185 1180 1195 1200 1208 1210
1500 —
1000—

14050 14100 14150 14200 14250 14300 14350 14400 14450 14500 4550 14000 14850 1400

b - e —— B T T - - §. - . M- = a0 . 1 -1 . =
CG AGA T AG (= 1y C AAMA C TTG G A A T AT T €T G GAG A GC A A GG cCc T
1215 1220 1225 1230 1235 1240 1245 1250 1256
1500 —
1000 —
500—
L B e e e
15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15600 15850 15000 15850
Inst MedelName:3730/CORE-3730-18128-012 Pue Base OVs -ns_n_ Printed on: 7 06,2010 21:40:42 GMT
) s o Elocropherogram Dsa Poge 4 f &
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Applied MalT-T7PRO.ab1 KB12 KB.bcp
Blosystems MalT-T7PRO KB_3730_POP7_BDTv1.mob

Signal: G:608 A:421 T:487 C:362 AvgSig: 469 C#:18 W:A3 Plate Name:11157 TS:42 CRL:1010 QV20+:1009

an: A = BRI e 1 e = = & | & =
"T 16 TG TATTAC GC C C C AATA T T G ¥ G A G
‘ 1265 1270 1275 1280 1285

1500 —‘
1DDO%
500 T

(REE

LI LI L e L L L L
18050 16100 16150 16200 16250 16300 16350 16400 18450 16500 16550 16600

Inst Model/Name: 3730/CORE-3730-18129-012 P e -""_ Printed on: 7 06,2010 21:40:42 GMT
Sequence Scannervi.0 Mixed Base QVs .“‘(‘h_ Electropherogram Data Page 5 of 5

T7 terminator
AGGCGAGCGCAACTAGCTTCCTTTCGGGCTTTGTTAGCAGCCGGATCGTTGAG

CTCGCCCTTCTAGCGTGCCGACTTATGGGCTGAGTGGGTATTCTGCCGGGCGG
AGAGGGCGATTAGCTGTAGTGCCGTCGCCCAACCGGAAACGTCATCGCAAAT
CCGACTGCTTTCTGCGGCTTCAATCGGCGATGACAGACGGCAATCAAAAAAC
TGCTTCGCTTCCTGATGGGTAAATGCCAGTTGCCGACTGCCAATTTCCAGCAG
TTGATCACGAACACGCAGATTGGCAATGCCCAGTTGCGGAAGGTTGCGTGAC
AACACCACCAGGGTGAGATTTTCTGGTTGATGGCGAATAAAGAAGCGCATTG
ACTCGTGGATCACTGGATTAGTGATCAGATGATAGTCATCGATGACCAGATA
AAGTGGGCTATGCCATTCCGCCAGCTCAATGAAAAGCTGGGCGAAGAGTGAC
GTCAGGCTGGCATATTGCCGTTTTTGCGCCATCGTCTCACATATCGCACAGTG
ACCGTTGGTTGCCTGCTGCACGGCGGCAATGAGATAGCTGGCGAAACGCTCT
TGCTGGTTATCACCTTCATCCAGCGAGTACCAGCCGATATCGTTTTTGCCTGC
CGCCCACTGGGAAATGAGGGTGGTCTTTCCGTAGCCCGCAGGACTCGTGATC
AGCGCCAGCCGGAAGTTGTTCGCGCCGGAAAGTTTAGCCAGCAGGCGCTCAC
GAACCACGGTATGGTCGAGTCGAACCGGACGACTTAGTTTTGACGGAATCAG
CATGGTGAAGGGATGATCCTTATCGTCATCGTCGTACAGATCCCGACCCATTT
GCTGTCCACCAGTCATGCTAGCCATACCATGATGATGATGATGATGAGAACC
CCGCATATGTATATCTCCTTTCTTAAAGTTAAACAAAATTATTTCTAGAGGGG
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AATTGTTATCCGCTCACAATTCCCCTATAGTGAGTCGTATTAATTTCGCGGGA
TCGAGATCTCGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGC
CACAGTGCGTTGCTGGCGCCTATTATCGCGACATCACCGATGGGGAAGATCG
GGCTCCGCCCACTCGGCTCATGAGCGCTTGTTCGGCGTGGGTATGTGCCAGCC
CGTGTCGAGACTGTTGGCGGCATTCTGCATGCACCATCTGCGCGGCGTGCTTA
CGACTTAACTCTAACTGGCTTTCTATGCAGAGATGCTAAGGCAGAGCGTCGG
AAATTCCGGCAACCAT

MalT-T7TTERM.ab1 KB12 KBbcp
b MalT-TTTERM KB_3730_POPT_BOTv1.mob
Signal G627 A:392 T-471 C-336 AvgSig: 458 C#18 W-A4 Plate Name:11157 TS:43 CRL1008 QV20+:1010
e ll I RRRREe cn e ww s 1 RN NN Rl RRRRNRRRRRRAREND
A GG CGAGCGC AACT AG CTT CCTTT CGGGCTTTGT TAGCAGC CGG /T CGT TGAG €T CGC CCT T CTAG CGTGCCGAC TTAT GGG
5 10 15 20 25 30 35 40 45 50 55 80 85 70 75 80

1500 —
1000—
500—
| A Yoy X P
100 150 200 250 300 350 400 450 00 550 800 50 700 50 800 850 200 950
IIIIIlIIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIlIII (AR IR AN ANRIINRINRRRIng]]
CTGAGTGGGTATTCT GCCGGGC GG AG AGGBC GAT TAGC TGTAGT GCCBT CGC CCAAC CGG AAACGT CAT CBCAAAT CCGACTGC
86 80 85 100 105 110 116 120 125 130 135 140 145 150 155 160
1500 —
=l | sl l
sl Hlﬂniulu]“lﬂxlulhu \ uulﬂhlllﬂ Mot AV
1050 1100 1150 1250 1400 155 1800 1900
IlllllllllIIllllIlllIIIIIIIIIIII!IlIlIllllllIIIIIlIlIlIlIIIIIlIIlIIIIIIIIllllIlIllll
TTTCTGCGGC TTCAAT CGGC GATGACAGACGGCAAT CAAAAAACTGCTTCGCTTCCT GATGGGTAAATGC CAGT TGC CGACTGC

170 175 180 185 180 185 200 205 210 215 220 225 230 235 240 245
1500 —
1000

= sttt 11111

2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2600 2850 2900 200
MR RN RN RN RN A RN R RN e RN RN RN RN RN RN NN RN RN RN RRRRRRRRRRRRDRRRRRRRRRRRONN
CAATTTCCAGCAGTTGAT CACGAACACGCAGAT TGBCAATGCCCAGTTGC GGAAGGT TGC GTGACAACACCACCAGGGT GAGAT

255 260 265 270 275 280 285 290 295 300 305 310 316 320 325 330
1500 —
1000

T lllxll;l llll Aot lllll‘ll llllilll‘i Ml

3050 300 M50 3200 250 3300 3350 300 M50 3500 3550 3600 3650 ro rso 3800 3850 3900 3950

Inst ModelMame:3730/CORE-3730-18129-012 Pure Base QVs -'_ Printed on: 7 06,2010 21:44:33 GMT
Sequence Scanner v1.0 Mo Base OV I‘15_ Electropherogram Data Page 1 of 5
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A% ||ed MalT-T7TERM ab1 KB12 KBbcp
Blosystems MalT-TTTERM KB_3730_POPT_BDTv1.mob
Signal: G:627 A:382 T:471 C:336 AvgSig: 456 C#16 W-A4 Plate Name:11157 TS:43 CRL:1008 QV20+:1010

SRR RN RN RN RN R RN RN RRRRRRRRRRAR RN RRRRERRRRRRR RR RN RRRRRER R ORRRARERERRRORRRNREn N
TTTCTGGTTGAT GGC GAATAAAGAAGCGCAT TGACTCGT GGATCACT GGAT TAGTGATCAGATGATAGT CATCGAT GACCA GAT
340 345 350 366 360 365 370 378 380 385 380 385 400 405 410 415

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4800 4650 4700 4750 4800 4850 4900 4550

TR NN RN NN R e R R e R R nen e n e nnnEnnRERennnnp
AAGTGGGCTATGCCAT TCCGCCAGETCAATGAAAAGCTGGGC GAAGAGTGACBTCAGGLE T GGCATATTGCCGTTTTT GCGCCA

420 425 430 435 440 445 450 455 450 485 470 475 480 485 480 485 500

FRERRRRRRR RN RN nNnEnenpnnint SRR RRRENR R NRR B R0 QeuBRRRRaRRRRRRORERRD
TCGTCTCACATATCGCACAGTGACCG GTTGCCTGCTGCACGGC GGCAATGAGATA GCT GGC GAAACGCTECTTGCTGGTTA
505 510 515 520 525 535 540 545 550 555 580 565 570 5§75 580

6050 8100 6150 6200 6250 6300 6350 8400 6450 8500 8550 6600 8650 6700 6750 BB00 6850 6900 650

BB nRRaRRRunRRRRRRRRuullN] TR RRNR AR RN AN N Dn RN R RN R RN R RN RN R RR NN RN AR
TCACCTTCATCCAGCGAGTACCAGCCGATATCGT TTTTGCCTGCCGE CCACTGGGAAATGAGGGT GGTCTTTCCGTAGE CCGE

590 585 00 605 B10 815 820 625 B30 B35 540 845 850 855 680 BE5

1600 —
1000 —
l.tuu.mn...m.m..1.u.uummummum sum.n..muu S
700 TIS0 TA0 1250 7300 T3S0 7400 7450 7SO0 S50 7600 eSO RO 7750 T80 100 7950
Inst ModelMame:3T30/CORE-3730-18128-012 Pue Base Vs _ Printed on: 7 08,2010 21:44:33 GMT
Sequence Scanner v1.0 Maed Base OV _ Electropherogram Data Page 2of 5
A% ||ed MalT-TTTERM.ab1 KB12 KBbep
Blosystems MalT-TTTERM KB_3730_POP7_BDTvi.mob
Signal: G:627 A:392 T:471 C:336 AvgSig: 456 C#16 W:A4 Plate Name:11157 TS:43 CRL:1008 QV20+101 D_

inw. i Bunanln mna IlIlIIII l.-llllllll Hanainl (AN
AGGACTCGTGATCAGCGCCAGCCGGAAGT TGTTCGC GCCGGAAAGTTTAGC CAGCAGGCGCTCACGAACCACGGTATGGTCG

670 B75 680 685 680 695 700 T05 T10 Ti5 T20 725 T30 735 T40 745 750

8050 100 8150 6200 8250 8300 8350 B400 8450 8500 8550 &S00 BES0 BT00 8750 EB00 8850 8000 8950
Bub Bl DON o nOu Bunun R RRnnu RRRuncnnnnilnnndallanniniiualnlonnsiionlonalnnanale sual
AGTCGAAC CGGACGAC TTAGT T TTGACGGAATCAGCATGGTGAAGGGATGATCCTTATCGTCATCGTCGTACAGATCCC GACC
TES T80 TES 770 75 TBO TBS 790 795 8OO 805 810 815 820 825 830

S050 9100 M50 200 w25 9300 9350 9400 450 500 9550 9800 2850 ST00 9750 G800 B850 9900 9950

wennlaniBoloncanntoulBBnantaclanaalfonataiiunnniianloanal N onannalonnnndf0 Buanunla
AT TTGCTBT CCACCAGTCATGCTAGC CATACCATGATGATGATGATGATGAGAACCCC GCATATGTATATCTCCTTTCT TAAA

la3s 840 845 850 855 860 865 870 875 880 885 880 895 900 805 210 815

0050 10100 10150 10200 10250 10300 10350 10400 10450 10500 0550 10600 10650 10700 0TS0 10800 0BS5S0 10900 10950
wo slonalB0nennlo sannul0lonfanb.nne sun.uunn Balallanenns subunwee s alannnnln _ans
GT TAAMACAAAATTATT T CTAGAGGGGAATT GTTAT CCGC TCACAATT CCCCTATAGTGAGTCGTATTAA TTTCGCGEG ATCG

820 925 930 935 940 945 950 955 960 965 a70 975 980 985 290 995

11050 11100 11150 11200 11250 113000 11350 11400 17450 11500 11550 19600 11650 M1T00 WITSO 11800 11850 11800 11950
Inst ModelMame:3730/CORE-3730-18128-012 Pue Base OV -‘A—”_ Printed on: 7 06,2010 21:44:33 GMT
1]
Sequence Scannervi.0 Moed Base OV _ Electropherogram Data Page 3 of 5

109



A% ||ed MalT-TTTERM.ab1 KB12 KBbep
Blosystems MalT-TTTERM KE_3730_POPT_BDTv1 mob

Signal: G:62T A-392 T:471 C:336 AvgSig- 456 C#16 WAL Plate Name:11157 TS:43 CRL:1008 QV20+1010

e cn B Bala snbab wuln. . w 0o . moll coloata B alinenl cn. cala el s _0a_1 -
IMGATCTCGATCCTCTACGCCGG ACGCATCGTGG CCGEB CATCACCGEC GCCACAGTGC G TTGCTGGC GCCTATTATCG C
1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1065 1070 1075

12050 12100 12150 12200 12950 12300 12350 1400 1450 12500 12550

| wcocBumal ane alle wn. o0l - ol cmwsluwe wew w B = mela o - .
GACATCACC GAT GGGG AAG AT CGGGCTCCGCCCAC T CGG CTCATGAGCGC TTGT T € GGCG TGGG TAT G T G CC

1080 1085 1090 1095 1100 1105 1110 115 120 1125 1130 1135 1140 1145

L ® BAG TEE e G ) S e a w e enEe e w s Cecwa e R e |
pG cc GA G ACTGT T GG CGGC AT T C TGCATG(ACC A T C T GCG C G GC G TG
1185 170 1175 1180 1185 1180 1195 1200

o= .. o - - - L T " - - - -
erT AC G ACTT AA C TC TAACT GG e T v T AT G C AWK CA T GC TA A G
1208 1210 1218 1220 1228 1230 1235 1240 1245
1500—
1000—
500—
LB B O I B L BB B Iy B B B e
15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15600 15850 15800 15050
Inst ModelMame:3730/CORE-3730-18128-012 Pue Base OV -‘A—”_ Printed on: 7 06,2010 21:44:33 GMT
o
Sequence Scannervi.0 Mised Base QVs _‘ B Electropherogram Data Page 4 of &
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Signal: G:627 A:392 T:471 C:336 AvgSig: 456 C#:18 W.A4 Plate Name:11157 TS:43 CRL:1008 QV20+:1010
- ®san 8 B & =s =8 = - &= -fe = —
(ACA GC T C GGA A ATT cC CGG CAA C CAT
1250 1255 1260 1265 1270
1500
1000
500
VBRI I L L L L
16050 16100 16150 16200 16250 16300 16350 16400 16450 16500 16550 16600 16650
Inst Model/Name:3730/CORE-3730-18129-012 Pure Base QVs i_ Printed on: 7 06,2010 21:44:33 GMT
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6.8. DNA sequence of DT1-DT2 from E. cali

ATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCGACTCGACCATACCGTGGT
TCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCGAACAACTTCCGGCTGGCG
CTGATCACGAGTCCTGCGGGCTACGGAAAGACCACCCTCATTTCCCAGTGGG
CGGCAGGCAAAAACGATATCGGCTGGTACTCGCTGGATGAAGGTGATAACCA
GCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGTGCAGCAGGCAACCAAC
GGTCACTGTGCGATATGTGAGACGATGGCGCAAAAACGGCAATATGCCAGCC
TGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTGGCGGAATGGCATAGCCCA
CTTTATCTGGTCATCGATGACTATCATCTGATCACTAATCCAGTGATCCACGA
GTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATCTCACCCTGGTGGTGT
TGTCACGCAACCTTCCGCAACTGGGCATTGCCAATCTGCGTGTTCGTGATCAA
CTGCTGGAAATTGGCAGTCAGCAACTGGCATTTACCCATCAGGAAGCGAAGC
AGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAGCCGCAGAAAGCAGTCGG
ATTTGCGATGACGTTTCCGGTTGGGCGACGGCACTACAGCTAATCGCCCTCTC
CGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCACGCCGCCTGGCGGGA
ATCAATGCCAGCCATCTTTCGGATTATCTGGTCGATGAGGTTTTGGATAACGT
CGATCTCGCAACGCGCCATTTTCTGTTGAAAAGCGCCATTTTGCGCTCAATGA
ACGATGCCCTCATCACCCGTGTGACCGGCGAAGAAAACGGGCAAATGCGCCT
CGAAGAGATTGAGCGTCAGGGGCTGTTTTTACAGCGGATGGATGATACCGGC
GAGTGGTTCTGCTATCACCCGCTGTTTGGTAACTTCCTGCGCCAGCGCTGCCA
GTGGGAACTGGCGGCGGAGCTGCCGGAAATCCACCGTGCCGCCGCAGAAAG
CTGGATGGCCCAGGGATTTCCCAGCGAAGCAATTCATCATGCGCTGGCGGCA
GGCGATGCGCTGATGCTGCGCGATATTCTGCTTAATCACGCCTGGAGTCTGTT
CAACCATAGCGAACTGTCGCTGCTGGAAGAGTCGCTTAAGGCCCTGCCGTGG
GACAGCTTGCTGGAAAATCCGCAGTTGGTGTTATTGCAGGCGTGGCTGATGC
AAAGCCAACATCGCTACGGCGAAGTTAACACCCTGCTAGCCCGTGCTGAA

6.9. Amino acid sequence of DT1-DT2 from E. cali

MLIPSKLSRPVRLDHTVVRERLLAKLSGANNFRLALITSPAGYGKTTLISQWAAG
KNDIGWYSLDEGDNQQERFASYLIAAVQQATNGHCAICETMAQKRQYASLTSLF
AQLFIELAEWHSPLYLVIDDYHLITNPVIHESMRFFIRHQPENLTLVVLSRNLPQLG
IANLRVRDQLLEIGSQQLAFTHQEAKQFFDCRLSSPIEAAESSRICDDVSGWATAL
QLIALSARQNTHSAHKSARRLAGINASHLSDYLVDEVLDNVDLATRHFLLKSAIL
RSMNDALITRVTGEENGQMRLEEIERQGLFLQRMDDTGEWFCYHPLFGNFLRQR
CQWELAAELPEIHRAAAESWMAQGFPSEAIHHALAAGDALMLRDILLNHAWSL
FNHSELSLLEESLKALPWDSLLENPQLVLLQAWLMQSQHRYGEVNTLLARAE
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6.10. The result of DNA sequencing of DT1-DT2.

T7 promoter
GGGATGTTGGACGTACATTCCCCTCTAGAATAATTTTGTTTAACTTTAAGAAG

GAGATATACATATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGC
ATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGATAAGG
ATCATCCCTTCACCATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCGACTC
GACCATACCGTGGTTCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCGAACA
ACTTCCGGCTGGCGCTGATCACGAGTCCTGCGGGCTACGGAAAGACCACCCT
CATTTCCCAGTGGGCGGCAGGCAAAAACGATATCGGCTGGTACTCGCTGGAT
GAAGGTGATAACCAGCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGTGC
AGCAGGCAACCAACGGTCACTGTGCGATATGTGAGACGATGGCGCAAAAAC
GGCAATATGCCAGCCTGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTGGCG
GAATGGCATAGCCCACTTTATCTGGTCATCGATGACTATCATCTGATCACTAA
TCCAGTGATCCACGAGTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATC
TCACCCTGGTGGTGTTGTCACGCAACCTTCCGCAACTGGGCATTGCCAATCTG
CGTGTTCGTGATCAACTGCTGGAAATTGGCAGTCAGCAACTGGCATTTACCCA
TCAGGAAGCGAAGCAGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAGCCG
CAGAAAGCAGTCGGATTTGCGATGACGTTTCCGGTTGGGCGACGGCACTACA
GCTAATCGCCCTCTCCGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCA
CGCCGCCTGGCGGGAATCAATGCCAGCCATCTTTCGGATTATCTGGTCGATGA
GGTTTTGGATAACGTCGATCTCGCAACGCGCCATTTTCTGTTGAAAAGCGCCA
TTTTGCGCTCAATGAACGATGCCCTCATCACCCCGTGTGACCGGCGAAGAAA
ACGGGCAAATGCGCCCTCGAGAGATTGAGCGTCAGGGGCTGTTTTTACAGCG
GATGGATGATACCGGCGAGTGTTCTGCTATCACCCCGCTGTTTGGTACTTCTG
GCGCAGCGCTGCCAGTGGGAACTGCGCGGAGCTGCCGTAATCCACCGTGLCGC
GCAGAAGCTGGAATGGCAAGGGATCAGGCGAGCATTCATCATGCCTGGCGCA
GCCGATGCCCCTTGTATGTCTGGCGCAGA
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A% Ap p[|ed AD4_DT2-8-TTPRO.ab1 KB 12 KBbcp
) H
. Blosystems DT2-81-TTPRO KB_3730_POPT_BOTv1.mob

Signal: G:850 A:503 T:752 C:535 AvgSig: 685 C#16 W:A4 Plate Name: 368 TS5:43 CRL:104T QV20+:1046
Lo - —m m. _wnllew e BRRRD e D amn RN NN Woew e an DR RRN RN RRRRRNED 50
CGGAT GTTG GA C G TACA T T CCCCT CTAG AATAATTTTGT TTAACT T TAAG AAGG AG ATATACATAT GC GGGGT TCT CAT CAT

5 10 15 20 25 30 35 40 45 50 55 B0 &5 0 k] 80

=0 100 150 200 250 300 50 400 450 00 550 L] 50 To0 50 800 850 900 950
wnl wn @ cn B wn BRRURR R NN on DONRR RN N NRRRN ORRRRRRRRN R RN RN R RRRRRR RN RN RRRRN R A0
AT CATCATCATGGTATGGCTA GCATGACT GGTGGACAGCAAATGGGT CGEGGATCTGTACGACGAT GACGATAAGGATCATCCC

85 80 a5 100 105 110 115 120 125 130 135 140 145 150 155 180 165

1050 100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1050 1700 17150 1800 1850 1000 1950
BEaB R AR IR R RN RN AR RN RN R R NN NN NN NN o RRRNRNNRN RN RN RN RN RRRNRNRRRa ]
TTCACCATGCTGAT TCCGT CAAAACTAAGTCGTCCGGTTCGACTCGACCATACCGTGGTTCGT GAGCGCCTGCTGGC TAAACT

170 175 180 185 180 185 200 205 210 215 220 225 230 235 240 245

2050 200 NS0 2200 250 2300 250 M0 2450 2500 2550 2000 2050 2700 2750 2800 2850 2000 250
ARRRRR RN R n AR n R R RN ARN RN RN R RN NN RN RN RN RN NN s DRDRRRRRRRRRRRRRRRRNEN]
TCCGGCGCGAACAACTTCCGGCTGGCGC TGAT CACGAGTCCTGCGGGCTACGGAAAGACCACCCTCATTTCCCAGTGGGCGGCA

255 280 265 270 275 280 285 280 295 300 305 310 315 320 325 330

3050 300 %0 3200 250 3300 3350 3400 3450 3500 3550 3600 3650 ared rs0 3800 3850 3900 3950

Inst ModelName:3730/CORE-3730-18129-012 Py Bl Vi -"—"‘_ Printed on: 7 08,2010 24:08:27 GMT
Sequence Scannervi.0 Mixed Base Qs mis_ Electropherogram Data Page 1 of 5

A‘\% Ap p[|ed AD4_DT2-8-T7PRO.ab1 KB12 KBbcp

Blosystems DT2:81-T7PRO KB_3730_POP7_BOTv1.meb
Signal: G:850 A'603 T:752 C:535 AvgSig: 685 C#16 W-A4 Plate Mame 358 T5:43 CRL:1047 QV20+:1048

(ARRREnninanEnEnnInRNnRnnn 1} LRI N! BRRR AR NRR R ERRnnREnnnnnununil
GGCAAAAACGATATCGGC TGGTACT TGGATGAAGGTGATAACCAGCAAGA TTTCGCCAGCTATCTCATTGCECGCCGTE

(11 1
cGeC GCG

340 345 350 355 360 365 370 375 380 385 380 385 400 405 410 418

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4600 2050 4700 150 4800 4850 4000 4250
RN RN AR RN NN RN RN NN RN NN AR NN NNRERRRRRR RN RN RRNRNRNRRRRRRERN}
CAGCAGGCAACCAACGGTCACTGTGCGATATGT GAGACGATGGC GCAAAAACGGCAATATGCCAGCCT GACGTCACTCTTCGC

420 425 430 435 440 445 450 455 460 485 470 475 480 485 480 485 500

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5650 5000 5050 5700 47SO  SH00 5850 SO0 5AS0
RERR RN R mn R RRRRRNRRR RN RN RN RN R R R i e NN RN o Rnn R DR N RR DR R n ]
CAGCTTTTCAT TGAGCT GGC GGAATGGCATAGCCCACTTTAT CTGGT CATCGATGACTATCATCTGATCACTAATCCAG
505 510 515 520 525 530 535 540 545 550 555 580 565 570 575 580

- -

o050 6100 8150 6200 625 6300 G350 B400 G450 6500 @50 G600 GOS0 6700 A7TS0 800 6450 8900 0850
BB R RN R DR RN NN RRRRRRR R N n B D nn D DR N RN R R NN R R Rnnn R alRan RDRRRRRRRnNE
CCACGAGTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATCTCACCCTGGTGGT GTTGTCACGCAACCTTCCGCAACTG

580 585 600 805 810 615 620 625 630 B35 640 645 650 855 660 665

1050 oo 150 1200 250 7300 7350 7400 7450 7500 7550 600 7650 Trod 750 7800 850 7900 mas0

Inst ModelName:3730/CORE-3730-18129-012 Py Bl Vi -"—"‘_ Printed on: 7 08,2010 24:08:27 GMT
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AB Ap p[led AD4_DT2-8-TTPRO.ab1 KB 12 KBbep
Blosystems DT2:81-T7PRO KB_3730_POP7_BOTv1.meb

Signal: G:850 A:603 T:752 C:535 AvgSig: 685 C#16 W-A4 Plate Name: 388 TS:43 CRL:104T QV20+:1048
10000 slinnunaniinn ssdnBanBinundndinnnilannninniinniin.nnlis (AR NTREY ]
GECATTGCCAATCTGCGTGT TCGTGAT CAACTGC TGGAAAT TGGCAGT CAGCAACTGGCATTTACCCATCAGGAAGC GAAGC

B70 B75 680 685 €90 B85 T00 705 710 TE 720 725 730 735 740 745
1000—:

BOSO 8100 8150 8500 8550 8600 8050 BT00 arso B800 8850 E000 8950
EERARRRRTNR TN [RANIRERERARTRY] ssnnlannainnl ]
AGT TTTTTGATTGCCGTCTGTCATC GC CGAT TGAAGC CGCAGAAAGCAGTCGGATTTGC GATGACGTTTCCGGT TGGGC GACE

755 T80 765 770 75 780 785 T80 785 800 B80S B10 815 820 825 830
1000—:

] 100 {11 arod ars o850 000 G50
SasloalalBaclndannn llIIlIIIIIIllIl-lIlIIIIl e Bannannllannnland B0 Nauannnl
GCAC TACAGCTAATCGCCCTCTCCGCCCGGCAGAATACCCACT CAGC CCATAAGT CGGCACGCCGCCTGGCGGGAATCAATG

Bas 840 B4s 850 855 860 BES 870 B75 B&0 Bas 880 8es 800 805 910
1000

10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10800 10650 10700 10750 10800 10850 10900 10950
AT N TR NN sbansnnnnBonlonnal DolluoNonanBanlonnnlonnnnblatannnnlinanlaonnnllnns &
KCAGCCATCTTTCGGAT TATCT GGTCGATGAGGT TTTGGATAACGT CGATCTCGCAACGCGCCATTTTCTGTTGAAAAGCGC

920 925 830 835 840 845 850 955 860 865 a70 975 280 e85 930 895
1000—:

11050 1100 1150 11200 11250 11300 11350 11400 11450 11500 11550 11600 11650 11700 1750 11800 11850 118900 11950

Inst ModelName:3730/CORE-3730-18129-012 Py Bl Vi -"—"‘_ Printed on: 7 08,2010 24:08:27 GMT

Sequence Scanner v1.0 Mlm&use(.w‘sm‘s_ Electropherogram Data Page 3 of 5

A% [|ed AD4_DT2-8-T7PRO.ab1 KB12 KBbcp

Blosystems DT2:81-T7PRO KB_3730_POP7_BOTv1.meb

Signal: G:850 A‘603 T:752 C:535 AvgSig: 685 C#168 W-A4 Plate Name: 358 TS:43 CRL:104T QV20+:1048

-l laa ss  n was® sunelenaenen Blanunanunn.s [T Y | s PO Y POey e [V D——"
CATTTTGCGCTCAATGAACGATGCCC TCAT CACCCCGTGTGACCGG C GAA G AAAAC GGG C AAATGC (CCCTCG AGAGATTE
1000 1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1085 1070 1075
1000

12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12850 12700 12750 12800 12950 12900 12050
" sanwallaew.. _ " Be Mo __maa D e o
AGCGTCAGGGGCTG TTTTTACAG CGG RTGG ATG#T&CC GGCG-‘\GTG TTCTGCTATCACCCCGCTG TTTGG T A C

1080 1085 1080 1095 1100 1105 1110 1115 1120 1125 1130 1135 1140 1145 1150
1000—:
13050 12100 13150 13200 13250 13300 13350 13400 1350 12500 13550 13600 13850 13700 13750 13800 13450 13900 13050
i < B e T o T -= = e &
'!T CTGCCG CAGCGCTGCCAG TGGG AACTG C G CGG AG C TG CC GT AATCCACCG TG cCG CGC G
1158 1160 1165 1170 175 1180 1185 1180 1185 1200 1205 1210
1000

14050 MI00 14150 14200 14250 14300 14350 14400 14450 14500 14550 14800 14650 14700 14750 14800 14850 14800 140450
] [T T macaml Cal & R «-mss B @ & § = oma A
A A G CTGG AAT GG C AA GGG A T c AGGCG AG c A TT CATC ATG cC C TGG cC G

1215 1220 1225 1230 1238 1240 1245 1250 1255
1000—:

15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15800 15850 15800 15950
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Apphed AD4_DT2-8-TTPRO.ab1 KE12 KBbep

Blosystems DT2:81-T7PRO KB_3730_POP7_BDTv1.mob
Signal: G:850 A:503 T:752 C:535 AvgSig: 685 C#16 W:A4 Plate Name:368 TS:43 CRL:1047 QV20+:1046
T _— & we wepne A8 o e W e . e g
€A G € GATEC CC CTTGY ATE T 16 & € (A SA
1260 1265 1270 1275 1280 1285
1000
ERAREE B REEEN AR iEEEA AR RARRE AR AR R R
16050 15100 16150 16200 16250 16300 16350 16400 16450 16500 18550 16600 18650 16700
Inst Model/Name:3730/CORE-3730-18128-012 Pure Base QVs: -;?D_ Printed on: 7 06,2010 21:09:27 GMT
Sequence Scanner v 10 e _ Electropherogram Data Page 5 of 5

T7 terminator
AGCCGGGCCACCAATAGCTTCCTTTCGGGCTTTGTTAGCAGCCGGATCGTTGA

GCTCGCCCTTCTATTCGCACGGGCTAGCAGGGTGTTAACTTCGCCGTAGCGAT
GTTGGCTTTGCATCAGCCACGCCTGCAATAACACCAACTGCGGATTTTCCAGC
AAGCTGTCCCACGGCAGGGCCTTAAGCGACTCTTCCAGCAGCGACAGTTCGC
TATGGTTGAACAGACTCCAGGCGTGATTAAGCAGAATATCGCGCAGCATCAG
CGCATCGCCTGCCGCCAGCGCATGATGAATTGCTTCGCTGGGAAATCCCTGG
GCCATCCAGCTTTCTGCGGCGGCACGGTGGATTTCCGGCAGCTCCGCCGCCA
GTTCCCACTGGCAGCGCTGGCGCAGGAAGTTACCAAACAGCGGGTGATAGCA
GAACCACTCGCCGGTATCATCCATCCGCTGTAAAAACAGCCCCTGACGCTCA
ATCTCTTCGAGGCGCATTTGCCCGTTTTCTTCGCCGGTCACACGGGTGATGAG
GGCATCGTTCATTGAGCGCAAAATGGCGCTTTTCAACAGAAAATGGCGCGTT
GCGAGATCGACGTTATCCAAAACCTCATCGACCAGATAATCCGAAAGATGGC
TGGCATTGATTCCCGCCAGGCGGCGTGCCGACTTATGGGCTGAGTGGGTATTC
TGCCGGGCGGAGAGGGCGATTAGCTGTAGTGCCGTCGCCCAACCGGAAACGT
CATCGCAAATCCGACTGCTTTCTGCGGCTTCAATCGGCGATGACAGACGGCA
ATCAAAAAACTGCTTCGCTTCCTGATGGGTAAATGCCAGTTGCTGACTGCCAA
TTTCCAGCAGTTGATCACGAACACGCAGATTGGCAATGCCCAGTTGCGGAAG
GTTGCGTGACAACACCACCAGGGTGAGATTTTCTGGTTGATGGCGAATAAAG
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AAGCGCATTGACTCGTGGATCACTGGATTAGTGATCAGATGATAGTCATCGA
TGACCAGATAAAGTGGGCTATGCCATTCCGCCAGCTCAATGAAAAGCTGGGC
GAAGAGTGACGTCAGGCTGGCATATTGCCGTTTTGCGCCATCGTCTCACATAT
CGCACAGTGACCGTTGTTGCCTGCTGCACGCGGCAATGAGAAAGCTGCGAAC
CCCTCTGCTGTTATCACCCTTCATCAGCGAGTACCAGCCGATATTCGTTTTGC
CTGCCGCCACTGGAATGAGGGTATCTTTCGTAGCCGCAGACCTCGGTGATAC
ACGGCGCCCAGCCCGGAAAGTGTTTTC

b ||ed AO7_DT2-8-TTTERM.ab1 KB 12 K8bcp

l ™ Blosystems DT2-8-TTTERM KB_3730_POP7_BOTv1.mob

Signal: G:1322 A:758 T:964 C:793 AvgSig: 959 C#:32 WAT Plate Name:368 TS:43 CRL1073 QV20+:1049

I Mennlnlscal o B als sl B0 onm swwna RRR R RDN - . _ _DDRRDRanBORR

-\GCDEEGCCA CCAA fAGC TCI‘. CGEGGCTTTGT TﬁGCa\GC CGG ¥ CG"TGAGC‘- CGCCCTTCTATT C GCACGGGCTAGCAG

5 10 15 20 2 30 35 40 5 50 55 60 85 70 7 80

1500 —
1000 —
500—

50 IEIJ 150 200 250 00 350 400 450 500 550 600 850 700 750 8O0 850 200 850

RE RN RN o RN RN RN RN NN e A0 e RN NN RRRRRRAR R R RO ARl RO R R RRRRRRND
GG-GTTAAC TCGCCGTAGCGATGTTGGCTTTGCAT CAGC CACGC CTGCAATAACACCAAC TGCGGATTTTCCAGCAAGCTGT

85 80 a5 100 105 110 115 120 125 130 135 140 145 150 185 160 185

1500—,

=) lu 0ol umumnululmmnh ulm A Jm

IIIII 1620 1750 1800 1850 1900

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIlIIIIIIIIIIIIIlIIIIIIIIIIIII
CCCACGGCAGGGCCTTAAGCGACTCT T CCAGCAGCGACAGT TCGCTATGGT TGAACAGACT CCAGGCGT GATTAAGCAGAATAT

170 175 180 188 180 195 200 205 210 216 220 226 230 235 240 245

1500—

e e e e

2050 2100 2150 200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2600 2650 2900 2950
TR RN NN Rn R RN n RN R NN RN RN RN RN R NN RN RN NERRRRRRRNRRRRRRRRRRRRERRR R ecRRRRRRRRROL
K GCGCAGCATCAGCGCATCGCCTGCCGC CAGC GCATGATGAATTGCTTCGCTGEGGAAATCCCTGGGCCATCCAGCTTTCTGC GG

255 280 265 270 275 280 285 200 295 300 305 310 35 320 328 330

1500 —

Ml uuhlnhhhuhhmhxh s s oV

3050 3100 350 3200 2% 3300 3350 3400 3450 3500 3550 3600 3650 3ro0 rso 3800 3850 3900 3950

Inst ModelName:3730/CORE-3730-18120-012 Pure Base OVs _ Printed on: 7 08,2010 21:09:57 GMT
Sequence Scannerv1.0 Mined Base OVs mn_ Electropherogram Data Page 10f 4
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A"% Apphed AOT_DT2-8-TTTERM ab1 KB1.2 KB.bcp

Blosyste ms DT2-8-TTTERM KB_3730_POP7_BDTv1.mob
Signal: G:1322 A:758 T:964 C:793 AvgSig: 959 C#:32 WAT Pate Name:368 TS:43 CRL1073 QV20+:1049
BRRRRR R RN RN NN RN RN R R NN RN Rnn RN RN RREN R nERRnNN RN
CGGCACGGTGGAT TTCCGGCAGETCCGCCGCCAGT T CCCACTGGCAGCGCTGGCGCAGGAAGT TACCAAACAGC GGGT GATA GC

[ 340 345 350 355 360 ES a0 375 280 385 290 395 400 408 410 415

4050 4100 4150 4200 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4800 4850 4900 4950

RRn R R R R R i R R R nnEn RN RN RN RPN RRRRRR RN NI NRRRRRRRRRRRRRRRRRRRNY
AACCACTCGCCGGTATCAT CCATCCGCTGTAAAAACAGCCCCTGACGCTCAATCTCTT CGAGGCGEATTTGCCCBTTTTC

420 425 430 435 440 445 450 455 460 485 470 475 480 485 480 485 500

-
Gy -
— -

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5850 5900 550

RN RN RN R RN RN RN RN RN R e RN NN R RN RN NN o NN N an AR NN N NN RN n UN R Nn n RN uH N
FCGCCGGTC&CAC GGGTGAT GAGGGCATCGT TCATTGAGC GCAAAATGGC GCTTTTCAACAGAAAATGGEC GCGTTGC GAGAT CC
| s0s  st0 S5 s S8 5% 535 S40 545 550 555 580 585 570 575 580
1500~
1000

5"" AN WA AA AN A M A AN AR A A A A AV

8050 6100  B1S0 6200 6250 B30 B350 A4D0  B450  B500  AS50 6600 6650  ETD0 6750 6600 BGS0 6900 6950
HIRRRINRRIRRAIN] RO Nw wn DuRRR R DR RN RO e DR DRRRR N RR R RN nn RN R a B R R RuRRadRRRNLI
|ACGT TATCCAAAACCTCATCGAC CAGATAAT CCGAAAGATGGL TGGCAT TGATTCCCGCCAGGCGGC GTGCCGACT TATGGGET
| 580 585 600 605 610 B15 620 625 630 B35 840 B45 BS0 BES 660 665

7050 TI0 TS0 7200 T3S0 7300 73S0 7DD 7450 7500 7S50 7BO0 7650 7700 77S0 7BOO 7BSD 7900 7950

1520 -
Inst ModelName:3730/CORE-3730-18120-012 Pure Base OVs _ Printed on: 7 08,2010 21:09:57 GMT
Sequence Scannerv1.0 Mixed Base QVs I‘“ﬁ_ Electropherogram Data Page 2 of 4

A"% Apphed AOT_DT2-8-TTTERM ab1 KB1.2 KB.bcp

Blosystems DT2-8-TTTERM KB_3730_POP7_BDTv1.mob
Signal: G:1322 A:758 T:964 C:793 AvgSig: 959 C#:32 WAT Plate Name:368 TS:43 CRL1073 QV20+:1049

IalRR RN DR Raudnumunine allannnbinnl ssflonfowun RNRER Ru D L TR rRAl]
GAGTGGGTATTCTGCCGGGEC GGAGAGGGC GATTAGC TGTAGTGCCGTCGCCCAAC CGGAAACGTCATCGLCAAATCCGACTGETTT
B75 680 B85 620 B95 T0O 705 Ti0 715 720 725 T30 T35 T40 745 50

8050 8100 B150 B200 B250 B0 B350 8400 Ba50 B500 8550 BEOD 8350 B700 8750 8800 8850 8900 8950

(o waBna i IR RREnuiRl Boa B0untfcaBulBamnnaBnnonduninlonlanainlalocaiffaallanlilauatnl
|CT GCGGC TTCAAT CGGC GAT GACA GACGGCAATCAAAAAACTGCTTCGCTTCCT GATGGGTAAATGCCAGT TGCT GAC TGCC

| T80 765 770 775 780 785 a0 785 800 805 810 815 820 825 830 835

9050 o100 o150 G200 6250 0300 0350 400 9450 9500 9550 9600 9650 o700 OFSD 9800 9B%0 9000 9950
Aocanfinninanaalolanalatnnuannanntonalonnnlonanfoan.tan snl wunbfons O0anllounna BNNaNaNal
[TCCAGCAGTTGAT CACGAACACGCAGATTGGCAATGCCCAGTTGC GGAAGGT T GC GT GACAACAC CACCAGGGTGAGATTTTCTGGTT

| 845 850 855 860 886 870 878 880 586 880 885 800 206 210 915 920 925

10050 10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10800 10650 10700 10750 10800 10850 10900 10950

‘wanmmm ol mnlonnl mannna B alunnlnnnnnn o _uwB0s snw-n sufOaOs.cBnunnios oo sBannllan _»
IGATGGCGA.‘T&AAG&RGCGCRTTG&C?CGTGGATC&CTGG ATTAGT GAT CA GATGATAGTCATCGATGACCAGATAAAGTGGGCTAT
| 830 935 940 945 850 955 880 985 870 875 280 288 990 995 1000 1005 1010
-

1500—

1000—

1050 11100 11950 11200 1250 14300 M350 10400 10450 11500 19550 11600 19650 11700 11750 11800 11850 11900 11950

piF.) "
Inst ModelName:3730/CORE-3730-18120-012 Pure Base OVs _ Printed on: 7 08,2010 21:09:57 GMT
Sequence Scannerv1.0 Mixed Base QVs I‘“ﬁ_ Electropherogram Data Page 3 of 4
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Ap p||ed AD7_DT2-8-TTTERM ab1 KB12 Kabep

Blosystems DT2-8-TTTERM KB_3730_POP7_BDTvi.meb
Signal: G:1322 A:758 T:964 C:793 AvgSig: 959 C#32 WAT Plate Name:368 TS:43 CRL1073 QV20+:1049
pne o0 nnman.nnn ananullmannaloncnn o mannlu- namBanenne o0 nan0 0o wams e - .smul. .
GCCATT CCGCCAGCTCAA TG AAAAGCTGGECGAAG AGTGACGTCAGEGCTGECATATT G CCEGTTTTGCGCCATCGT CTCACATATCE G
1020 1025 1030 1035 1040 1045 1050 1055 1060 1085 1070 1075 1080 1085 1080 1085 1100

12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12650 12700 12750 12800 12850 12000 12950

—erBaslotnBa. o ccvansBallie. o -« ws BB Buwon T I - crmmtn ol e - =
CACAGTGACCGTT G TTGCCTGCTGCAC G C GGC AATGAGAAAGCT G CGA ACCCCTC T GCTG TTATCACCC TT CAT CAG CG
1105 1110 1118 1120 1125 1130 1135 1140 1145 1150 1155 1180 1185 1170 1175

1500 —

" = == - L as - Hao m - @ ma (] | - - = - e =
AG TACC AG CCGATATTCG TTTTGCCTG CCGCC ACTGG AA TGAGGG T A TOTT CGTAG CC GC A G #CCTCG
1185 1190 1185 1200 1205 1210 1215 1220 1226 1230 1235 1240 1245

be? slomw—ve e BRannll 0 wan. & -nm
(TG ATACAGCC (C CCAGCCC GG AAAG TGTTTTC
1255 1260 1285 1270 1275 1280
1500 —
1000 —
500—
L B B L B e
15050 15100 15150 15200 15250 15300 15350 15400

Inst ModelName:3730/CORE-3730-18129-012 Printed on: 7 06,2010 21.09:57 GMT

Sequence Scanner vi0 Electropherogram Data Page 4 of 4

6.11. DNA sequence of malfrom E. coli.

ATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCGACTCGACCATACCGTGGT
TCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCGAACAACTTCCGGCTGGCG
CTGATCACGAGTCCTGCGGGCTACGGAAAGACCACCCTCATTTCCCAGTGGG
CGGCAGGCAAAAACGATATCGGCTGGTACTCGCTGGATGAAGGTGATAACCA
GCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCCGTGCAGCAGGCAACCAAC
GGTCACTGTGCGATATGTGAGACGATGGCGCAAAAACGGCAATATGCCAGCC
TGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTGGCGGAATGGCATAGCCCA
CTTTATCTGGTCATCGATGACTATCATCTGATCACTAATCCAGTGATCCACGA
GTCAATGCGCTTCTTTATTCGCCATCAACCAGAAAATCTCACCCTGGTGGTGT
TGTCACGCAACCTTCCGCAACTGGGCATTGCCAATCTGCGTGTTCGTGATCAA
CTGCTGGAAATTGGCAGTCAGCAACTGGCATTTACCCATCAGGAAGCGAAGC
AGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAGCCGCAGAAAGCAGTCGG
ATTTGCGATGACGTTTCCGGTTGGGCGACGGCACTACAGCTAATCGCCCTCTC
CGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCACGCCGCCTGGCGGGA
ATCAATGCCAGCCATCTTTCGGATTATCTGGTCGATGAGGTTTTGGATAACGT
CGATCTCGCAACGCGCCATTTTCTGTTGAAAAGCGCCATTTTGCGCTCAATGA
ACGATGCCCTCATCACCCGTGTGACCGGCGAAGAAAACGGGCAAATGCGCCT
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CGAAGAGATTGAGCGTCAGGGGCTGTTTTTACAGCGGATGGATGATACCGGC
GAGTGGTTCTGCTATCACCCGCTGTTTGGTAACTTCCTGCGCCAGCGCTGCCA
GTGGGAACTGGCGGCGGAGCTGCCGGAAATCCACCGTGCCGCCGCAGAAAG
CTGGATGGCCCAGGGATTTCCCAGCGAAGCAATTCATCATGCGCTGGCGGCA
GGCGATGCGCTGATGCTGCGCGATATTCTGCTTAATCACGCCTGGAGTCTGTT
CAACCATAGCGAACTGTCGCTGCTGGAAGAGTCGCTTAAGGCCCTGCCGTGG
GACAGCTTGCTGGAAAATCCGCAGTTGGTGTTATTGCAGGCGTGGCTGATGC
AAAGCCAACATCGCTACGGCGAAGTTAACACCCTGCTAGCCCGTGCTGAACA
TGAAATCAAGGACATCAGAGAAGACACCATGCACGCAGAATTTAACGCTCTG
CGCGCCCAGGTGGCGATTAACGATGGTAATCCGGATGAAGCGGAACGGCTGG
CAAAACTGGCACTGGAAGAGCTGCCGCCGGGCTGGTTCTATAGCCGCATTGT
GGCAACCTCGGTGCTGGGTGAAGTGCTGCACTGCAAAGGCGAATTGACCCGC
TCACTGGCGCTAATGCAGCAAACCGAACAGATGGCACGCCAGCACGATGTCT
GGCACTACGCTTTGTGGAGTTTAATCCAGCAAAGTGAAATTCTGTTTGCCCAA
GGGTTCCTGCAAACCGCGTGGGAAACGCAGGAAAAAGCATTCCAGCTGATCA
ACGAGCAGCATCTGGAACAGCTGCCAATGCATGAGTTTCTGGTGCGCATTCG
TGCGCAGCTGTTATGGGCCTGGGCGCGGCTGGATGAAGCCGAAGCGTCGGCG
CGTAGCGGGATTGAAGTCTTGTCGTCTTATCAGCCACAGCAACAGCTTCAGTG
CCTGGCAATGTTGATTCAATGCTCGCTGGCCCGTGGTGATTTAGATAACGCCC
GTAGCCAGCTGAACCGTCTGGAAAACCTGCTGGGGAATGGCAAATATCACAG
CGACTGGATCTCTAACGCCAACAAAGTCCGGGTGATTTACTGGCAAATGACC
GGCGATAAAGCCGCCGCTGCCAACTGGTTGCGTCATACGGCTAAACCAGAGT
TTGCGAACAACCACTTCCTGCAAGGTCAATGGCGCAACATTGCCCGTGCACA
AATCTTGCTGGGCGAGTTTGAACCGGCAGAAATTGTTCTCGAAGAACTCAAT
GAAAATGCCCGGAGTCTGCGGTTGATGAGCGATCTCAACCGTAACCTGTTGC
TGCTTAATCAACTGTACTGGCAGGCCGGACGTAAAAGTGACGCCCAGCGCGT
GTTGCTGGACGCATTAAAACTGGCGAATCGCACCGGATTTATCAGCCATTTTG
TCATCGAAGGCGAAGCGATGGCGCAACAACTGCGTCAGCTGATTCAGCTTAA
TACGCTGCCGGAACTGGAACAGCATCGCGCGCAGCGTATTCTGCGAGAAATC
AATCAACATCATCGGCATAAATTCGCCCATTTCGATGAGAATTTCGTTGAACG
TCTGCTAAATCATCCTGAAGTACCTGAACTGATCCGCACCAGCCCGCTGACG
CAACGTGAATGGCAGGTACTGGGGCTGATCTACTCTGGTTACAGCAATGAGC
AAATTGCCGGAGAACTGGAAGTCGCGGCAACCACCATCAAAACGCATATCCG
CAATCTGTATCAGAAACTCGGCGTGGCCCATCGCCAGGATGCGGTACAACAC
GCCCAGCAATTGCTGAAGATGATGGGGTACGGCGTGTAA

6.12. Amino acid sequence of MalT from E. cali

MLIPSKLSRPVRLDHTVVRERLLAKLSGANNFRLALITSPAGYGKTTLISQWAAG
KNDIGWYSLDEGDNQQERFASYLIAAVQQATNGHCAICETMAQKRQYASLTSLF
AQLFIELAEWHSPLYLVIDDYHLITNPVIHESMRFFIRHQPENLTLVVLSRNLPQLG
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IANLRVRDQLLEIGSQQLAFTHQEAKQFFDCRLSSPIEAAESSRICDDVSGWATAL
QLIALSARQNTHSAHKSARRLAGINASHLSDYLVDEVLDNVDLATRHFLLKSAIL
RSMNDALITRVTGEENGQMRLEEIERQGLFLQRMDDTGEWFCYHPLFGNFLRQR
CQWELAAELPEIHRAAAESWMAQGFPSEAIHHALAAGDALMLRDILLNHAWSL
FNHSELSLLEESLKALPWDSLLENPQLVLLQAWLMQSQHRYGEVNTLLARAEHE
IKDIREDTMHAEFNALRAQVAINDGNPDEAERLAKLALEELPPGWFYSRIVATSV
LGEVLHCKGELTRSLALMQQTEQMARQHDVWHYALWSLIQQSEILFAQGFLQT
AWETQEKAFQLINEQHLEQLPMHEFLVRIRAQLLWAWARLDEAEASARSGIEVL
SSYQPQQQLQCLAMLIQCSLARGDLDNARSQLNRLENLLGNGKYHSDWISNAN
KVRVIYWQMTGDKAAAANWLRHTAKPEFANNHFLQGQWRNIARAQILLGEFEP
AEIVLEELNENARSLRLMSDLNRNLLLLNQLYWQAGRKSDAQRVLLDALKLAN
RTGFISHFVIEGEAMAQQLRQLIQLNTLPELEQHRAQRILREINQHHRHKFAHFDE
NFVERLLNHPEVPELIRTSPLTQREWQVLGLIYSGYSNEQIAGELEVAATTIKTHIR
NLYQKLGVAHRQDAVQHAQQLLKMMGYGV

6.13. The result of DNA sequencing omalT.

T7 promoter
GGGTTGATGGGACGGTACAATTCCCCTCTAGAATAATTTTGTTTAACTTTAAG
AAGGCAGATATACATATGCGGGGTTCTCATCATCATCATCATCATGGTATGGC
TAGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGAT
AAGGATCATCCCTTCACCATGCTGATTCCGTCAAAACTAAGTCGTCCGGTTCG
ACTCGACCATACCGTGGTTCGTGAGCGCCTGCTGGCTAAACTTTCCGGCGCG
AACAACTTCCGGCTGGCGCTGATCACGAGTCCTGCGGGCTACGGAAAGACCA
CCCTCATTTCCCAGTGGGCGGCAGGCAAAAACGATATCGGCTGGTACTCGCT
GGATGAAGGTGATAACCAGCAAGAGCGTTTCGCCAGCTATCTCATTGCCGCC
GTGCAGCAGGCAACCAACGGTCACTGTGCGATATGTGAGACGATGGCGCAAA
AACGGCAATATGCCAGCCTGACGTCACTCTTCGCCCAGCTTTTCATTGAGCTG
GCGGAATGGCATAGCCCACTTTATCTGGTCATCGATGACTATCATCTGATCAC
TAATCCAGTGATCCACGAATCAATGCGCTTCTTTATTCGCCATCAACCAGAAA
ATCTCACCCTGGTGGTGTTGTCACGCAACCTTCCGCAACTGGGCATTGCCAAT
CTGCGTGTTCGTGATCAACTGCTGGAAATTGGCAGTCAGCAACTGGCATTTAC
CCATCAGGAAGCGAGGCAGTTTTTTGATTGCCGTCTGTCATCGCCGATTGAAG
CCGCAGAAAGCAGTCGGATTTGCGATGACGTTTCCGGTTGGGCGACGGCACT
ACAGCTAATCGCCCTCTCCGCCCGGCAGAATACCCACTCAGCCCATAAGTCG
GCACGCCGCCTGGCGGGAATCAATGCCAGCCATCTTTCGGATTATCTGGTCG
ATGAGGTTTTGGATAACGTCGATCTCGCAACGCGCCATTTTCTGTTGAAAAGC
GCCATTTTGCGCTCAATGAACGATGCCCTCATCACCCGTGTGACCGGCGAAG
AAACGGGCAAATGCGCCTCGAGAGATTGAGCGTCAGGGGCTGTTTTTACAGC
GATGGATGATACCGGCGAGTGGTTCTGCTATCACCCCGCTGTTTGTAACTTCC
TGCGCCAGCGCTGCAGTGGACTGCGCCGGAGCTGCCGAAATCCACCGTGCCG
CCGCAGAAAGCTGAGGCACATTCAGCGGAGCATTCATCCATGGCCTTGCGCA
GGCCATGCCCCTGTATGTCCTGGCCCGATTTTCGTGCCT
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A% App' ied ADS_MaiT2-T7PRO.ab1 K812 KBbecp
0 \
fy Blosystems MalT2:T7PRO KB_3730_POP7_BDTv1.mob

Signal: G:844 A:583 T:738 C:407 AvgSig: 665 Cw:24 WAS Plate Name:368 TS5:43 CRL:1038 QV20+:1046
= e L I e L TR NN NI T TN IR TR IR AR AR RN Y Y
CGGTTGAT CGGA CCS TACAAT T CCCCT CTAG A ATAATTTT GT TTAAC TTTAAG AAGGIAG ATATACATAT GC GGGGTTCTCAT CAT

5 10 15 20 25 30 35 40 45 50 55 -] 65 70 75 B0 85

50 100 150 200 250 00 350 400 450 500 550 600 650 T00 750 800 as0 900 950

R R A R R T N R R R R R R R AN R AR NIRRT
TCATGGTAT GGCTAGCATGACTGGT GGACAGCAAATGGGT CGGGAT CTGTAC GACGATGACGATAAGGATCATCCC

5 100 105 110 115 120 125 130 135 140 145 150 155 160 165

1000

E e T

1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1600 1050
o anennpunnEnEIn onn NN enRn NN RERER RN anREN RN NRNRNRNERRRRNRRRRRRADNRERENY
TCACCATGCTGATTCCGT CAAAACTAAGTCGTCCGGTTCGACTCGACCATACCBTGGTTCGT GAGCGCCTGCTGBCTAAACTT

176 180 185 180 195 200 206 210 215 220 226 230 235 240 245 250

2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 2000 2050
MR RRR R RN RN R R R RN RN R R ORRNRR RN RN RN RN RN RN AR R RN R RN RRRRRRRNR
TCCGGCGCGAACAACTTCCGECTGGCGC TGAT CACGAGTCCTGCGGGC TACGGAAAGACCACCCTCATTTCCCAGTGGGLGGCA

260 265 270 275 280 285 290 295 300 305 310 318 320 325 330 335

3050 300 350 3200 3250 3600 3350 M00 3450 3500 3550 3600 3650 3700 A7S0 3800 3850 3000 3650
Inst ModelUName:3730/CORE-3730-18129-012 Pure Base Qs -— Printed on: 7 08,2010 21:20:40 GMT

Sdmias e ase v TS Exsctopherogrm Dwa Page:t sl &

A\% Appl ied ADS_MalT2-T7PRO.ab1 KB 12 KBbep
fy Blosystems MalT2:T7PRO KB_3730_POP7_BDTv1.mob
Signal: G844 A:583 T.738 C:497 AvgSig: 665 CH:24 W:AS Plate Name:368 TS:43 CRL:1038 QU20+:1048

RN RN RN R RN RN RN RN R N RN R RN NN NN N en RNRRN RRRNN
GGCAAAAACGATATCGGC TGGTACTCGCTGGATGAAGGT GATAACCAGCAAGAGCGT
3

340 345 350 355 360 365 370 375 380 385 390

SRR REnEERERnuinRInRNR1M
TCGCCAGCTATCTCATTGCCGCCGTG
95 400 405 410 415 420

-

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4800 4650 4700 4750 4800 4850 4500 4950

prpnnnnnnnnen e RN nan RN RN R R nRR RN RRRRNR RN
CAGCAGGCAACCAACGGT CACTGTGCGATATGT GAGACGATGGC GCAAAAACGGCAATAT GCCAGCCTGACGTCACTCTTCGE

425 430 435 440 445 450 455 480 485 470 475 480 485 480 495 500 505

1000

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5450 5000 5050
SRR RN RN RN RN R DR RN RN RN RN RN RN RN RN RN R DN RN DR R Rnn DR R R nn BB RN DRI
CCAGCTTTTCAT TGAGCTGBC GGAATGGCATAGC CCACTTTATCTGGTCATCGAT GACTATCATCTGATCACTAAT CCAGT GAT

510 515 520 525 530 535 540 545 560 556 560 565 570 576 580 585

1000

6050 6100 6150 G200 G250 6300 B3SO 6400 6450 6500 6550 6600 6650 G700 6750 6800 6850 6000 6950

Ban R RRRN e DR RR R RRRRNRND RN e wBR DR R DNRNRN RN R RN RN RN R R an R NN Ra R RRRRRRRn ]

CCAC GAAT CAATGCGC TTCTTTAT TCGCCATCAACCA GAAAATCTCACCCTGGETGGTGTTGTCACGCAACCTTCCGCAACTGG
585 600 B05 610 B15 620 625 630 635 640 B45 B&0 6558 B0 65 670

7050 700 7150 7200 7250 7300 7350 TH00 TS50 FS00 7S50 7600 TES0 7700 7750 700 1850 7000 7050
Inst ModelUName:3730/CORE-3730-18129-012 Pure Base Qs -— Printed on: 7 08,2010 21:20:40 GMT

Sequence Scanner vi.0 Mixed Base Vs _ Electropherogram Data Page 2 of 5



A‘% Appl]ed AD5_MaIT2-T7TPRO.ab1 KB12 KBbep
I=) Biosystems MaIT2.T7PRO e
Signal: G:844 A'583 T:T38 C:497 AvgSig: 665 Cm:24 WAS Plate Name: 3688 TS:43 CRL:1038 QV20+:1048

IARRETE D] Bl BB RN RRDORRRRRN Elan RN unRRuRn0unlull (LEER]
CATTGCCAATCTGCGTGT TCGT GATCAACTGCTGGAAAT TGGCAGT CAGCAAC TGGCATTTACCCAT CAGGAAGC GAGGCAGT

675 680 685 690 695 700 705 710 715 720 725 730 735 740 745 750 755

8050 8100 8150 B200  B250  BIO0 B3SO @400 8450  BS00 8550 8600 8650 G700 G750 6800 G50 @00 @950
Talndunlunls ss fnconloninluninnlainnnnin IRT sennnnnlolalOnanannnl
TTTTTGATTGCCGTCTGTCATCGC CGAT TGAAGC CGCAGAAAGCAGT CCGATTTGCGATGACGT TTCCGGTTGGGC GAC GGCAC
780 TB5 770 775 TBO TBS 780 795 800 805 810 815 820 B25 B30 835 840

9050 9100 950 9200 9250 9300 350 w00 50 w00 a550 2600 2650 aton 9750 9800 9850 9000 9050
pelunnwannBannffalans B0 anannonwnnlonaloncalanunnlnaunalonns BunnnnBulunne nnun ulanl
fACAGCTAATCGCCCTCTCCGCCCGGCAGAATACCCACTCAGCCCATAAGTCGGCACGCCGCCTGG CGGGAATCA AT G CCA GC CAT

845 BED 855 860 Bes 870 a78 8B0 Bas Bap ags 200 205 910 815 820 825

g
AT

10100 10150 10200 10250 10300 10350 10400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10950

ss - snnnlasslonnnlalalloanannnnnsnl - ulllennantallunnnne ol
GGAT TATCT GEGTCGATGAGGTTTTGEATAAC GTCGAT

935 840 845 850 955 960 965

(]
Caa GCGCCA-TTTCTGTTGAA&AGCGCC»\TTTTGCGC
975 980 985 980 995 1000 1005

g
Lyaaalanas

11050 11100 11150 11200 1250 11300 11350 11400 11450 11500 11550 11600 11850 1700 1750 11800 11850 11900 11850
Inst ModeiName:3730/CORE-3730-18129-012 ik s il -‘5—2"_ Printed on: 7 06,2010 21:20-40 GMT
Sequence Scanner v1.0 Mized Base OV's: _ Electrophercgram Data Page 3of §
A% [|ed AQ5_MalT2-T7PRO.ab1 KB12 KBbcp
Blosystems MalTZ-TTPRO KB_3730_POPT_BOTv1.mob
Signal: G844 A'583 T:738 C:497 AvgSig: 885 C#:24 WAS Plate Name:358 T5:43 CRL:1038 QV20+:1045

-n snsuBanunnlo nann. (LA FTE T I e N N 1. ol x. e
TCAATGAACGATGCCC T CA CACL‘.C GT@ACCQGCGQAGQAACGGGCRAATGC GCC!CG n‘\G AGQTT G»\GC GTCA GGGGCT

1015 1020 1025 1030 1035 1040 1045 1050 1055 1060 1085 1070 1075 1080 1085 1080

12050 12150 12200 12250 12300 12350 12400 12450 12500

12750 12800 12650 12000 12050
-- 111 . - mm s _. 0.8 e BEENEea R I e |
GTTTTTHCAGCGQTGGATGA A CC GGCGAGTGG TTCTGCTATCACCCCGCTGTTT G TAACTT CCTGCGCCAG CGCTG
1085 1100 1105 1110 1115 1120 1125 1130 1135 1140 1145 1150 1158 1180 1165
1000
13050 13100 13150 13200 13250 13300 13350 13400 13450 13500 13550 13600 13850 13700 13750 13800 13950 13900 13080
.00 .. - ae . e m mame b e a. = Balao. ol . S ol o =
CAGTGG ACTG CGCCGGJGCTGCC G AAAT CCACCGTG CCGCCGCAG AAAG CTG AG G cC A C A
170 175 1180 1185 1180 1185 1200 1205 1210 1215 1220 1225
1000
14050 14100 14150 14200 14250 14300 14350 14400 14450 14500 14550 14800  T4B50 14700 14750 14800 14850 14900 14950
- = & o= @ - @2 - = a- MlaesBas 0 saa - = n 8l .. @ 500 88 dEB. oo
TT C AG (GGAG CA TTCATCCATGG CC TT G CG CAGGE CC AT GECCC TGTATGT CCTGGC
1230 1235 1240 1245 1250 1255 1260 1265 1270 1275 1280
1000
T
L o L B B e L B e e e i
15050 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15850 15700 15750 15800 15850 15000 15950
Inst ModelName:3730/CORE-3730-18129-012 Py Bl Vi -"—"‘_ Printed on: 7 08,2010 24:20:40 GMT
Sequence Scanner v1.0 Mlm&use(.w‘sm‘s_ Electropherogram Data Page 4 of 5
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Appl ied A05_MalT2-TTPRO ab1 KB12 KBbep
Biosystems MalT2-T7PRO KB_3730_POP7_BDTv1.mob

Signal: G:844 A:583 T:738 C:497 AvgSig: 865 C#24 WAS Plate Name:368 TS:43 CRL:1038 QV20+:1046

L= = = Boe = & & = &
CC G A TTTTCGTGC CT
1285 1290 1295

1000

TP T T Tr I [TTr [T TTT[TT T
16050 16100 16150 16200 16250 16300 16350

Inst Model/Name:3730/CORE-3730-18129-012 Pure Base QVs. _ Printed on: 7 06,2010 21:20:40 GMT
10 16

Sequence Scanner v1.0 Mixed Base QVs Electropherogram Data Page 5 of 5

T7 terminator
GGGGGAGCGACACCTAGCTTCCTTTCGGGCTTTGTTAGCAGCCGGATCGTTGA

GCTCGCCCTTTTACACGCCGTACCCCATCATCTTCAGCAATTGCTGGGCGTGT
TGTACCGCATCCTGGCGATGGGCCACGCCGAGTTTCTGATACAGATTGCGGA
TATGCGTTTTGATGGTGGTTGCCGCGACTTCCAGTTCTCCGGCAATTTGCTCA
TTGCTGTAACCAGAGTAGATCAGCCCCAGTACCTGCCATTCACGTTGCGTCAG
CGGGCTGGTGCGGATCAGTTCAGGTACTTCAGGATGATTTAGCAGACGTTCA
ACGAAATTCTCATCGAAATGGGCGAATTTATGCCGATGATGTTGATTGATTTC
TCGCAGAATACGCTGCGCGCGATGCTGTTCCAGTTCCGGCAGCGTATTAAGCT
GAATCAGCTGACGCAGTTGTTGCGCCATCGCTTCGCCTTCGATGACAAAATG
GCTGATAAATCCGGTGCGATTCGCCAGTTTTAATGCGTCCAGCAACACGCGCT
GGGCGTCACTTTTACGTCCGGCCTGCCAGTACAGTTGATTAAGCAGCAACAG
GTTACGGTTGAGATCGCTCATCAACCGCAGACTCCGGGCATTTTCATTGAGTT
CTTCGAGAACAATTTCTGCCGGTTCAAACTCGCCCAGCAAGATTTGTGCACGG
GCAATGTTGCGCCATTGACCTTGCAGGAAGTGGTTGTTCGCAAACTCTGGTTT
AGCCGTATGACGCAACCAGTTGGCAGCGGCGGCTTTATCGCCGGTCATTTGC
CAGTAAATCACCCGGACTTTGTTGGCGTTAGAGATCCAGTCGCTGTGATATTT
GCCATTCCCCAGCAGGTTTTCCAGACGGTTCAGCTGGCTACGGGCGTTATCTA
AATCACCACGGGCCAGCGAGCATTGAATCAACATTGCCAGGCACTGAAGCTG
TTGCTGTGGCTGATAAGACGACAAGACTTCAATCCCGCTACGCGCCGACGCT
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TCGGCTTCATCCAGCCGCGCCCAGGCCCATAACAGCTGCGCACGAATGCGCC
CCAGAAACTCATGCATTGGCAGCTGTCCAGATGCTGCTCGTTGATCAGCTGG
AATGCTTTTTCCTGCCGTTTCCCACGCGTTGCAGACCCTTGGGCAAACAGAAT
TTCACCTTTGCTGATAAACCTCCACAAAGCGTAGTGCCAGACTCGTGCTGGCG
TGCCATCTTGTCTTGCTGCATAGCGCCAGTGGGCGGTTCAATCGCCCTTGGCA
GTGGCAGCACTTACCTAGC

AOB_MalT2-T7TTERM ab1 KB 12 KBbep
» MaiT2-TTTERM KB_3730_POP7_BOTv1.meb
Signal: G:1140 A:857 T:952 C:632 AvgSig: B45 C#32 W-AB Plate Name;358 T5:43 CRL1026 QV20+:1055

L- L e R L e e L R LT R R IRl Ny
|ccr; GGA GCCA CAC CT AGC T CCTTT CBEGCTTTGT TAGCAGC CGG /T CGT TGAG CT CBC CCT TTTACAC GC CGT AC CCCAT CATC

5 10 15 20 25 30 35 40 45 50 55 B0 B5 T0 75 80

200 250 300 50 400 450 =00 550 00 50 T00 %0 o0 850 900 250
RN R RN RN RN R NN R AR RN RRRR N BRDRORRRNRRRRRRRRRRRRRRRDRRRRRRRRRRN]
GGGCGTGTTGTACCGCAT CCT GGCGATGGGC(ACGC CGAGTTTCT GATACAGAT TGCGGATATGCETTTT

1
T
80 a5 100 105 110 115 120 125 130 135 140 145 150 155 160 185

B e

|IIIIIIIIIIIIIIIIIlIlIIIlIlIIIIIIIII||IIIIIIIIIIlIIIII||Illlll-lIllIIIIlIIlIIlIIIIlII
|G.\\TGGTGGTTGCCGCGACT CCAGT TCTCCGGCAATTTGCTCATTGCTGTAACCAGAGTAGAT CAGC CCCAGTACCTGCCATTC

| 170 175 180 185 190 185 200 205 210 215 220 225 230 235 240 245 250

g e hlhlh MMt mm“llxmu

i] 2100 Fil 2200 250 2300 2350 2400 500 2550 20600 2050 2100 2150 2800 2850 200

lIlIIlIIIIlIIlI lIIlIIIlllllIIIIllIIIIlIIIIIlIlIIlIIIIlIIIIIIIIIIIllIlII-IIIIIlIIIII
ACGT TGC GTCAGC GGGCTGGTGC GGATCAGT TCAGGTACT TCAGGATGAT TTAGCAGACGT T CAACGAAATTCTCATCGAAATGE

| 255 260 265 270 275 280 285 290 285 300 305 3o 315 320 azs 330 335

) -
-

o]
MM e o

3050 3100 350 3200 250 3300 3350 3400 3450 3500 3550 3600 3650 arod 3rs0 3800 3850 3900 3950

Inst Model/Name:3730/CORE-3730-18129.012 P Bl Vi -"—1'_ Printed on: 7 06,2010 21:24:25 GMT
Sequence Scannerv1.0 Mined Base OVs mh_ Electropherogram Data Page 1 of 4
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A‘\% Ap p[|ed AQB_MalT2-TTTERM.ab1 KB12 KBbcp

Blosystems MalT2-T7TERM KB_3730_POPT_BOTv1.mob

Signal: G:1140 A:B57 T:952 C:632 AvgSig: 845 C#32 W-AB Plate Mame 358 T543 CRL:1026 QV20+:1055
RN RN RN RRR RN RN RN R RN R RN R RN RN RN RN RN RN RN RN R RN R RN RN RN RN RN NN RRR RN RRRRRENR
GCGBAATTTATGCCGATGATGTTGAT TGAT TTCTCEBCAGAATACGC TGCGCGCGATGC TGTTCCAGT TCCGBCAGCGTAT TAAGE

40 M5 0 358 380 285 370 375 380 85 380 85 400 405 410 415 420

g

g
loguslosrs

g

lusualasns

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4600 4050 4700 4750 4800 4850 4000 4950
 RRRININRRERININR D] (IR RN RN RNl RRRR]]) fappnnpnnnnn IRRRRRRRRRRIRIRIN]
TGAATCAGCTGACGCAGTTGTTGCGCCATCGCTTCGCCTTCGATGACAAAATGGCTGATAAATCCGGTGCGATTC GCCAG

425 430 435 440 445 450 455 480 485 470 475 480 485 480 485 500

-
-
-

5550

AR RARARR]] (LR RN RN RE] FRRRRRRRnnnnnnnnnnsinunnl sulBRRRRONE nmnnn
TAATGCGTCCAGCAACACGCGCTGGGCGTCACTTTTACGTCCGGCCTGCCAGTACAGT TGAT TAAGCA GCAACAGGT TACGGT

510 515 520 525 530 535 540 545 550 555 580 565 570 575 580 585

0050 6100 6150 6200 6250 B300 3 6400 450 6500 0550 8800 050 &700 A750 6800 6250 900 6950

LRI AN RNl NIRRT RN ]] (AR RIRRNY AR RNIRIRIRORERRRTRRANE I RRRIRRINR]]
GAGATCGCTCATCAACCGCAGACTCCGGGCATTTTCATTGAGTTCTTCGAGAACAATTTCT GCCGGT TCA CGCCCAGCA

580 585 600 605 610 815 620 625 630 635 640 Bd5 650 655 665 B70

1050 oo 150 1200 250 7300 7350 7400 7450 7500 7550 600 7650 Trod 750 7800 850 7900 mas0
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A‘\B Applled ADS_MaiT2-TTTERM ab1 KB 12 KBbcp

Blosystem:: MaT2-TTTERM KB_3730_POPT_BOTv1.meb
Signal: G:1140 AB5T T:852 C:832 AvgSig: 845 C#:32 W:AB Plate Name:368 T5:43 CRL:1026 QV20+:1055
Blwn RO Rw RN RN RRR RN o nn DR RN AR RR RN ROR RN wn Dma DD wn R wn DR Dan BB Bunntnnwnll &
AGAT TTGT GCACGGGCAATGTTGC GCCATTGACCT TGCAGGAAGTGGT TGT TCGCAAACTCTGGT TTAGC CGTATGACGCAAC
875 680 B85 680 685 700 705 710 715 720 725 730 735 740 T45 750
10@—:

8050  BI00  BI50  BA0 8250 B30 B350 B400 8450 BS00  B5SS0  BAD00 8650  BT00 G750 BBO0  BASO  AGO0 6950
salnBBunin 0 Do Buu B0uu R B ua RN au Bl 0 mnaaBnalonaniBlng I alannnnnliloaln. 00 Bunlonns
CAGT TGGCAGCGGCGGCTTTATCGCCGGTCATTTGCCAGTAAATCACCCGGAC TGTTGGC GTTAGAGATCCAGT CGCTGTGA

760 766 770 775 T80 785 790 795 800 805 810 815 820 825 830 835
10005

2050 9100 M50 9200 2250 300 9350 9400 450 S500 Q550 9600 2050 9700 9150 9800 DES0 9500 S50
silnnss 001 wanBaa D wBOEN ool canunlian Ba0E0 wles Do canunnfflala nlunnnnnsnl
TATTTGCCATTCCCCAGCAGGTTTTCCAGACGGTTCAGCTGGCTACGGGCGT TATCTAAAT CACCACGGGC CAGC GAGCATTGA
BaD B45 850 855 Be0 Bes 870 875 Bao Bas B80 B85 800 805 810 915 820

1000—:

10050 10100 10150 10200 10250 10300 10350 90400 10450 10500 10550 10600 10650 10700 10750 10800 10850 10900 10850
pn.-Banal s ol sanBonnalonasnaloanan oo ufaifan® ol sonalanancnalanlon sl B E o mw
BTCAACATTGC (AGGCACTGAAGCTGTTGCTOTOGC TGATAA GACGACAAGACTT CAATCCCGCTACGC GCCBGACGBLETT CGGET
925 930 935 940 245 950 955 960 965 970 975 880 985 990 995 1000 1005

10005
11050 11100 11150 11200 11250 11300 11350 11400 11450 11500 19550 11800 11850 11700 11750 11800 11850 11900 11850
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AB ||ed ADS_MaiT2-TTTERM ab1 KB 12 KBbcp
Blosystems MaT2-TITERM KB_3730_POPT_BDT1.meb

Signal: G:1140 ABST T:852 C:832 AvgSig: 845 C#:32 W-AB Plate Name:368 T5:43 CRL:1026 QV20+:1055
Boe sems Ba.. slowsnnlsa L] L R L L L ) PR L N TR T e = - = mla
[T CAT CCAG CCGC GCCCAGGCCCA A»\CAGCTGC GCACGAA TGC CCCCCAGAAACTCATGCATTGG CAGCTG T CC»\G ATGCTG
1010 1018 1020 1028 1030 1035 1040 1045 1050 1055 1060 1088 1070 1078 1080 1085

E

Joasaloias

12050 12100 12150 12200 12250 12300 12350 12400 12450 12500 12550 12600 12650 12700 12750 12800 12850 12900 12050

hosBaanatcecntan cocnaallle oo ulle cloncae = __Bee o - 0o oo Blevccsn ala ceis nlia
CTCGTTGATCAGCTGGE AATGCTTTTT CCTGCOGTTT CCCACGC G TTBGCA G A CCC TT GGG CAAACAGAA TTT CACCTTT
1080 1085 1100 1105 1110 1115 1120 1125 1130 1138 1140 1145 1150 1155 1180 1165

13050 13100 13150 12200 13250 13300 13350 13400 14450 13500 13550 13600 13650 13700 13750 13800 134850 13900 13650

- = Baw oo - = = = - =
GCTG AT AAACCT CCACAAAG CGTAGTGCCAGAC TCGTG CTGGC GTG CCATCTTG T C T TG
170 1175 1180 1185 1180 1185 1200 1206 1210 1218 1220 1225 1230

1000—:
1050 14100 14150 14200 14250 14300 14350 04400 14450 14500 14550 14000 14B50 14700 14750 14B00  14B50 14900 14850
g ol cnw. -wm sl W el [] den -= = 1l = F: i
AG CGC CAG TGGG CG 6 TTCAA T CCCC T TGGCAG TGGCAG CAC TT AC T AC
1238 1240 1245 1250 1256 1280 1265 1270 1275 1280
10005
| e
L B e B e B B B B R N R R NN RN R EEEEAREE R e e
15050 15100 15150 15200 15250 15300 15350  154D0 15450 15500 15550 15600 15650 15700 15750 15800
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Scope and Method of Study: An acetyl esterase, also known as Aes from Escherichia
coli, belongs to the hormone sensitive lipase family and down regulates MalT
which is the transcriptional activator of the maltose regulon. Moreover, a recent
study suggests an interaction between Aes agalactosidase which is also
involved in carbohydrate metabolism. Since Aes interacts with several important
proteins, it plays critical roles in carbohydrate metabolism in E. coherefore,
the purpose of this study was to determine crystal structures of Aes, DT1, DT1-
DT2, and MalT in order to understand the remarkable maltose system in.E. coli
To achieve this, cloning, over-expression, purification, and crystallization for
each gene were carried out. Moreover, structural studies of Aes were performed.

Findings and Conclusions: The E. cabs, DT1, DT1-DT2, andnal T genes have been
cloned with an N-terminal histidine tag and over-expressed. Aes, DT1, and MalT
have been successfully purified and a crystal structure of Aes has been determined
in this study. X-ray crystallography revealed that Aes contained3dmydrolase
fold, the central fstrands being surrounded tyhelices. Moreover, the catalytic
triad of Aes consisted of Ser-165, Asp-262, and His-292, which was stabilized by
hydrogen bonds and was hidden in a shallow cleft. Since crystal screening
showed some promising results for DT1 and MalT, further optimization in
crystallization of these proteins will lead to crystal structure determination of
them. Moreover, purification trials of DT1, DT1-DT2, and MalT should be
carried out so as to find better conditions for crystal production.
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